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BONDERIZING 


maintains the finish 


up to scratch 


re ae fat OD 
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The Standard Test Panel illustrated was prepared by BONDERIZING the 


the PYRENE range lower half, leaving the upper half plain steel and finishing the whole with one 


are approved phos- 
Meand other processes salt solution for 500 hours. On the untreated half, rust has spread from 


meet all Service and the scratch in all directions, but on the BONDERIZED half it is confined 
requirements. to the scratch itself. 


coat of enamel. The paint finish on both halves was scratched through to 
the base metal and the panel was then subjected to a continuous spray with 20% 


BONDERIZING— Bonds Paint to Iron, Steel, Aluminium, Zinc and Cadmium Surfaces 
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The weight of the JGA gun—only 22 oz. all told—is 
so balanced that the gun sits naturally in a level position. 
The operator’s whole effort thus goes on useful gun 
control; he tires less quickly, and his work is better and 
more accurate. On long spells of continuous spraying 
particularly, the perfect balance of the JGA is a big 


factor in producing the top-grade finish that means : i \¢ THE DESIGN 


sales! Write for folder AK.53, describing the JGA. that means 


D EVI LB i S S = . | Forged pace = 


gives total gun weight of only 


AEROGRAPH sn 


2 Centre of balance in line with 2-finger 


v , trigger means less effort in holding gun 
Sets the pace tn Spraying —e olding gu 


me 3 The new No. 78 air cap gives superlative 
The sacs Ry) SERVICE P atomisation—and so greater finishing speed. 


The Aerograph Co. Ltd. Lower Sydenham London S.E.26 Tel: SYDenham 6060 (8 lines) 


Branches & Showrooms : London + Birmingham - Bristol - Glasgow - Manchester 
T.A.6616 
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PYROBOR 


In the preparation of vitreous enamel Anhydrous Borax 


frits or glazes PYROBOR effects 





material savings because there 


is no waste of heat or time in driving : peat sna VU BOR 
lan - 
off water of crystallisation before fusion. Sy 
we! ‘ Refined Pentahydrate Borax 
If the user prefers borax containing 
water of crystallisation we can 


supply V-BOR (refined pentahydrate 


borax, Na,B,O,.5H,O) or BORAX Sa cs) R A x 





(decahydrate, Na,B,O,.10H,0). 


For frits of special composition in 





which a low limit of sodium is necessary, 


we supply BORIC ACID (H,;BO,). 
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A powdered Lithium ore containing 


over 3.5% Li,O in combination with And BIKITA 
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PAINT PERFORMANCE 


I N THE present-day complicated structure of man’s technical, industrial and social 
existence, no one branch of his activities can be regarded in complete isolation from the 
others. Every technical advance, every industrial development, every social change, has 
repercussions which are far more widespread than their immediate environment. This 
is so much a truism that the quotation of numerous examples is superfluous, but it 
is of interest to note some implications of this fact in respect to metal-finishing 
technology. 

The fundamental researches of Faraday into the nature and properties of magnetic 
fields and electrical charges were not undertaken with a view to founding the electro- 
plating industry, although without the fruits of his labours the development of that 
industry must have been long delayed. 

Similarly, coming to more modern times, the very great amount of money and effort 
being expended on research into the development of those materials commonly grouped 
together under the generic title of ‘‘Plastics,” is primarily aimed at improving the 
properties and increasing the applications of these products as materials of construction, 
and their value as ingredients of surface-coating media is largely incidental. 

The fact remains however, that as a result of the work of those who are perhaps most 
appropriately known as resin technologists, materials are now available to paint manu- 
facturers, which make possible the production of a range of paints whose performance 
in respect of resistance to deformation, abrasion, and chemical attack, is a marked 
improvement on that obtainable by the use of traditional materials hitherto available. 

In recent months an exhibition demonstrating a wide number of applications of 
certain types of the newest of these materials, broadly known as Epoxide resins, has been 
on view and has told a very significant story. The sponsors of this exhibition, who are 
not themselves manufacturers of paint, but only suppliers of materials to the manu- 
facturer, amply demonstrated that by the use of these newer formulations attractive and 
hard-wearing finishes of superior performance can be produced. 

Elsewhere in this issue there is a paper giving data on the applications and perform- 
ance of Epoxide resin based coatings, and a study of the figures there presented reveals 
the significance of their claims. 

Undoubtedly prospective users of such finishes will weigh very carefully the question 
of relative costs and obviously their use would be quite uneconomic in many applications. 
Nevertheless the very fact of the availability of such finishes and the manner in which 
they have stemmed from the research activities of another major industry, which even 
today 1s only in its infancy, can be taken as a significant indication that the technology 
of paints and painting is still capable of, and in fact is in the process of making, important 
progress. 

Under present-day conditions of keen industrial competition the availability and 
effective use of attractive and durable finishes on metal goods is of supreme importance. 
The manufacturer, both of the raw materials and of the finishes themselves can be 
looked to to take the necessary action to ensure that every advantage is taken of the 
findings of fundamental research. It is up to the user to satisfy himself that he is fully 
acquainted with the full range of finishes available to him and of their performance 
under differing conditions, and to implement this knowledge in his production processes. 
It is a major aim and function of this Fournal to assist and stimulate the achievement of 
this on the widest possible scale. 
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Fiunis 


LATELAYER 


BIG NEWS 

HE news that the component parts of a size- 

able bridge are to be hot galvanized before 
installation is further evidence of the interest 
being taken by engineers in the initial corrosion 
protection of large structures by modern 
methods. A _ striking example is the Menai 
bridge which was zinc sprayed at the time of its 
reconstruction in 1940, and has needed little or 
no maintenance ever since. The Forth Bridge 
on the other hand has occupied the attentions of 
a permanent squad of painters since 1889. 

A few years before the last war the hull of a 
ship was electrogalvanized by making it cathodic 
in a dock filled with a zinc-sulphate solution, but 
there seems to be no record that the experiment 
was repeated. However, if anybody wishes to 
electroplate ships in the future there is some 
satisfaction in knowing that the problem of what 
to put them in has been solved. A reservoir near 
Sunderland holding 12 million gallons of water 
has just been rubber lined. Over 100 tons of 


rubber was used, and the cost was nearly 
£70,000! 


PLASTIC PECULIARITIES 

S more plastic materials come into use in 

finishing plants so electroplaters are be- 
ginning to realize that giving a plastic a name 
does not always mean very much. This accounts 
for widely differing experiences with what 
appears to the less initiated to be the same 
material. Terms such as polythene or polyvinyl 
chloride do not refer to a single material but to 
a whole range of complex chemicals and mix- 
tures of them. 

Thus, it is well known that plasticizers, which 
are often incorporated, can alter the properties 
of the material, as can also the method employed 
for the production of the polymer itself. Poly- 
thene of molecular weight 25,000 softens at 
101°C, for example, but when the molecular 
weight is 13,000 the softening point goes down 
to 80°C; yet both materials are still known as 
polythene. 

All this shows that considerable caution 
should be exercised before being dogmatic about 
what a plastic with a generic name will or will 
not do. Authors of papers describing the 
behaviour of these substances should endeavour 
to specify them more closely, although it is 


TOPICAL COMMENT 
FROM THE MAIN 
LINES AND SIDE 
LINES OF METAL 
FINISHING 


appreciated that this is not always an easy 
matter. 


ARE WE ADVANCING? 

HE normal method of starting a research 

investigation consists in first making a survey 
of the literature and studying previous patents 
on the subjects, and then formulating a pro. 
gramme of work based on ideas that might be 
worth pursuing resulting from this. There is, 
however, another way, described by Descartes, 
long ago, as the “table rasé.” In this method, 
no cognisance is taken of earlier work, and the 
investigator is, in fact, even discouraged from 
looking too closely at existing practice lest he 
should be unduly influenced thereby. With the 
right kind of fresh approach spectacular results 
have often been achieved. Many examples were 
seen during the war in what became known as 
“operational research” on which young scien- 
tists were given problems to solve in fields of 
which they had little or no previous experience. 

What would be the outcome of this method of 
tackling, say, the problem of producing a bright 
nickel deposit? Would the ultimate process con- 
sist in adding a somewhat arbitrary range of 
complicated chemicals to a solution the formula 
of which has remained substantially unaltered in 
its constituents for nearly half a century? Or 
would other ways of changing the crystal 
structure of the deposit be developed? 

Again, presented with the problem of pro- 
ducing a bath from which to deposit silver 
smoothly and efficiently, would our open-minded 
researcher re-discover the double-cyanide bath 
patented by Elkington in 1838 and which is | 
practically the same as that from which nearly 
all the silver plating in the world is done at the 
present day? 

There are two possible conclusions to be 
drawn from these random thoughts. Either the j 
plating industry has been slow in making use of 
the tremendous range of new chemicals now 
available so far as its basic processes are con 
cerned, or that our progenitors in the business 
“ builded better they knew.” 

The vendors of many of the proprietary solu- 
tions in use today are not lacking in modesty 
when speaking of their respective merits, but it 
is doubtful if even they would expect any one 
of those in current vogue to be in universal use 
117 years from now! 
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A Paper presented at a 
meeting of the Northern 
Branch of the Institute 
of Vitreous Enamellers 


The 


HE impact of the progress made by the 
Tiptestice and resins industry is most readily 
appreciated by the general public when it is 
manifested in the shape of synthetic fibres or 
plastic washbowls. However, the parallel, and no 
less important, developments which are occurring 
in the production of new organic finishes, are 
almost unknown except to those directly or 
indirectly concerned technically with this field. 

The most significant contribution of the resin 
industry to the paint field since the introduction 
of alkyd resins in the 1930’s has been the advent 
of the epoxide or ethoxylene resins. With these 
has been obtained a combination of flexibility, 
adhesion, toughness and chemical 
resistance, a combination of pro- 
perties not previously found in any 
one class of resin. This has led to 
their use in finishes for domestic equipment, 
chemical plant protection, can and drum coatings 
and wire enamels, to name but a few end uses. 

Although the manufacture of such materials, 
and their use, particularly as adhesives was first 
patented(!.2) in Europe just before the beginning 
of World War II, and although subsequently both 
these and the surface-coating applications were 
intensively investigated and patented in Europe 
and the U.S.A., no commercial exploitation of 
the resins occurred. This was in large measure due 
to the fact that there was nowhere a large-scale 
source of one of the essential raw materials, 
namely epichlorhydrin. 

At the end of the last war a new factor arose 
when Shell Chemical Corporation in the U.S.A. 
began to go ahead with the world’s first synthetic 
glycerol plant, which in turn opened up the 
possibility of large-scale production of epichlor- 
hydrin. This led Shell Chemical Corporation to 
launch their epoxide resins under the trade name 
“Epon” resins. Thus the epoxide resins became 
yet another of the products which owe their 
commercial debut to the petroleum chemical 
industry. 


oO 


Uses and 


Applications of 
EPOXIDE RESINS 


By G. C. BATES, Ph.D., B.Sc., A.R.L.C. 


Epoxide resins are how available in Europe 
under the trade name “ Epikote” from a Shell 
plant in Holland, and a second plant is at present 
being built in the U.K. at Shell’s Chemical Plant 
in Stanlow, Cheshire. In addition Aero Research 
Ltd., who are the U.K. associates of Ciba of 
Basle, Switzerland, market a similar range of 
epoxide resins under the trade name “ Araldite.” 

The epoxide resins are formed from epichlor- 
hydrin by reaction with a dihydric phenol, 
usually diphenylolpropane, in the presence of 
caustic soda. The typical structure of these resins 
is as follows :— 


> CH; OH CH; Be 
ermenk Dek Pee TEX... ee 
ch; CH; 


The resins as such do not form surface coating 
films, and in order to render them suitable for 
this they must be modified. According to the type 
of modification, a wide range of conditions of 
application may be obtained. The main methods 
of using the resins for surface coatings are:— 

(1) esterification and the use of esters alone in 

air drying or stoving finishes and with amino 
resins in stoving finishes. 

(2) cross-linking of the epoxide resin with 

phenolic or amino resins in stoving finishes. 

(3) cross-linking by reaction with amines in 

room temperature cured and stoved finishes. 
To expand briefly on these three categories, the 
process of esterification involves the heating 
together of vegetable-oil fatty acids with the resin 
in an inert atmosphere. 


Oo OH 


Pn | 
R‘COOH + CH,-CH . CH;R ——> R'COOCH,CH-CH,R 
~O-C-C 


(1) 


(2) 
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If drying oil acids, such as those of linseed or 
dehydrated castor oil (DCO), are used the 
resulting ester will air dry. If non- or semi-drying 
oil acids, such as those of coconut or soya are 
employed, then the ester is used in conjunction 
with melamine or urea resins in stoved finishes. 
The dehydrated castor-oil ester is also used in 
stoving formulations modified with amino resins. 
The properties of air-drying finishes may be 
exemplified by those of an “ Epikote” 1004 
linseed-oil fatty-acid ester. The ester is dissolved 
in white spirit and 0.04 per cent cobalt metal on 
the solids content of the varnish added as driers. 
The air-dried films will be touch dry in 20-30 
minutes and tack free in 3-6 hours. After over- 
night drying the films have excellent hardness, 
flexibility, gloss and mar resistance. Films of a 
clear varnish based on this ester were applied as 
single coats to aluminium rods and after 7-days’ 
air drying were immersed in various reagents, and 
the following results obtained. Comparative data 
for a linseed-oil modified alkyd are included :— 








TABLE I. 
TEST “Epikote” | Linseed-oil 
| 1004 linseed | modified 

ester alkyd 
Water 65 days 1 day 
40 per cent Caustic Soda as, Pe 
2 per cent. ““Oxydol” 24 By 
2 per cent Sulphuric acid ee Rings 
10 per cent Acetic acid 4s Baws 
Toluene | BS | 


For epoxide ester based stoving finishes the best 
results so far have been obtained with a short oil 
DCO ester combined with melamine resin(>). 
This system may be stoved at temperatures 
varying from 250 to 300°F, with stoving times of 
4 to 1 hour. A white enamel of this type after 
stoving for } an hour at 300°F gave the results in 
Table II. Included are the results obtained with a 
comparable stoved alkyd/MF system. For both 
cases the ratio of ester or alkyd to melamine resin 
is 70/30 by weight based on solids. 


Epoxide Resins Cross Linked with Phenolic or 
Amino Resins 
The epoxide resins react under the influence of 
heat with phenolic and amino resins, giving films 
of very great toughness, flexibility and chemical 
resistance. 


(1) re) OH 
; io | 
R'CH,OH + CH,-CH CH,R ——>R’'CH,0.CH,CH-CH,R 
(2) —O . CH,CH—CH,— 
“OH 
R.CH,O H 

















TABLE Il. 
““Epikote” | Alkyd/MF 
TEST | 1004 DCO | resin 
ester/MF | 
resin 
Flexibility canis a 
}” mandrel P Fail 
ty” mandrel P — 
Flat bend Fail | ~ 
Impact . act °§ ¢ 
28 Ib. P Fail 
48 Ib. | V. sl. Failure | — 





Chemical Resistance 





Time to Breakdown 





| 
2 per cent Caustic Soda . 36 days <1 day 
40 per cent ,, | >17 mths. 6 days 
2 per cent * ‘Oxydol” } om, |) 13°33 
2 per cent Sulphuric acid | 84 days iy 
10 per cent pink de oe. | 27. 
50 per cent ek ee 1 day 
2 per cent Hydrochloric acid | 140 ,, 10 days 
10 per cent Paine ra * 
2 per cent Nitric acid Lo IP ae 
10 per cent ,, es: (ae 4 
2 per cent Acetic acid |) 3H 5 ys eee 

- 10 percent ,, si — a 8, 
Toluene Se oe <1 day 
MEK | 40 J 


- | 6 


The reaction here is between the hydroxyl a 
possibly epoxy) groups of the epoxide resin and 
the methylol groups of the cross-linking resin, 
resulting in the formation of ether groups, which 
are naturally much more stable than the ester 
linkages formed in the reaction between epoxide 
resins and fatty acids. Thus, this type of system 
gives the highest chemical resistance obtainable 
with epoxide resins. 

Where maximum chemical resistance is required 
a phenolic resin should be used. Amino resins 
give slightly more flexible films of very much paler 
colour, but generally show slightly lower chemical 
resistance than phenolic cured epoxide resins. 
The stoving temperatures for this type of modifi- 
cation are between 300 and 400°F depending upon 
the cross linking resin used. The eenpeston of 
epoxide resin to modifying resin is generally 70/30. 

Table III shows the very high standard of 
chemical resistance which can be obtained with 
this system as typified by an “ Epikote”’ 1007/ 
phenolic resin varnish. 
Films are slightly softened after one-month’s 
exposure at room temperature to acetone, methyl- 
ethyl ketone, ethylene dichloride, hydrochloric 
acid (36 per cent), sulphuric acid (78 per cent).and 
hydrogen peroxide (15 per cent). The coating has 
limited resistance to sulphuric acid (at concen- 
trations greater than 85 per cent) and hydrogen 


peroxide (at concentrations greater than 15 per 
cent). 





Films 


Ethyl 
|sopro 
n-Buty 






IF 


- cw | 


weer von = 


= 
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TABLE Ill, 


Chemical Resistance of Epikote 1007/Phenolic Resin Varnish. 


Films unaffected after three-months’ immersion in the following solvents and aqueous solutions 
at room temperature :— 





Alcohols Acids 
Ethyl Acetic (1 per cent) 
lsopropy! Sulphuric (up to 75 per cent) 
n-Buty! Hydrochloric (up to 20 per cent) 
Secondary butyl Nitric (up to 10 per cent) 


Methyl isobutyl carbinol 
Diacetone alcohol 
Hexylene glycol 

Glycerine 
Aromatic Hydrocarbons 
Toluene 

Xylene 


een ipor oe methanol. 
Chloro Compounds 
Carbon tetrachloride 


Allyl chloride. 


Phosphoric (up to 85 per cent) 
Linseed oil fatty acids 


Bases 
Sodium hydroxide (all concentrations) 
Ammonium hydroxide (10 per cent) 
Sodium methoxide (40 per cent) in 


Miscellaneous 





Liquid detergent (100 per cent). 
Liquid detergent (50 per cent). 
Solid detergent (1 per cent). 
** Resitoxaphene ” 
Sodium chlorite (25 per cent). 
Sodium hypochlorite (5 per cent). 
Calcium hypochlorite (5 per cent). 
Ferric chloride. 

——— Water. 

Formaldehyde (30 per cent). 

Diethyl ether. 

Bis-chloroethyl ether. 

Methyl isobutyl ketone. 


Resistance is also excellent at elevated temperatures, the coating being unaffected by the following 
reagents, after three-weeks’ immersion at 150°F except as noted :— 


Secondary butyl alcohol 


Methyl isobutyl carbinol ketone 


Diacetone alcohol 


Hexylene glycol 


In the above case an American phenolic resin 
(General Electrics’ R.108), was used. Similar 
results have been obtained with phenolic resins 
available in the U.K., as can be seen from 
Table IV. Also included in this Table are the 
results obtained with a commercial phenolic 
resin coating, generally regarded as having 
excellent chemical resistance. 

From the above it is apparent that while at 
least equal, if not superior, to the phenolic resin 
coating in acid, cold water and seawater resistance, 
improved resistance to boiling water and very 
markedly superior resistance to alkalis is 
obtained with the “ Epikote”’ resin finish. It 
should also be noted that the “ Epikote”’ resin 
finish is very much more flexible than the phenolic. 


Epoxide Resin Coatings Cured with Amines 


This type of formulation is different from those 
previously discussed, since the cross linking of the 
epoxide resin by the amine takes place solely 
through the epoxy groups(¢). 


Methyl isobutyl 


Allyl chloride 


Isopropyl alcohol 


20 per cent sodium 


hydroxide 
(boiling 24 hrs.) 
73 per cent sodium 
hydroxide 
(280°F, 2 wks.) 
Glycerine 
Glycerine 


(170°F, 6 wks.) 
Water 


This system is particularly attractive because with 
a room temperature cure it is possible to obtain 
film properties approaching those given by high- 
temperature stoved epoxide/phenolic or amino 
resin formulations. In addition it is also possible 
to obtain rapid cures at temperatures much lower 
than those normally used for epoxide resin 
finishes.(5) 


(1) oO . OH 
Pity | 
R‘NH, + CH,-CH-CH,R ——>R’NH.CH,CH .CH,R 
(2) oO OH 
Ls | 
R. CH,CH-CH, + R'NH . CH,CH . CH,R—> 
OH OH 


R. CH,CH_CH,R'N—CH,CH —CH,R 
As the reaction between the amine and epoxide 
resin proceeds at room temperature this system 
is naturally a two-can formulation which requires 
mixing by the user before application. Under 
very humid conditions there is a tendency for 
this system to exhibit a pronounced bloom, which, 


while not apparently affecting the performance, 
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TABLE IV. 
————— : a 
Test | No. of | “Epikote” 1007/ | “ Epikote” 1007/ | Commercial phenolic 
| hours | ScadoformL.9 | Super Beckacite 1001 resin coating 
Water at room temperature 672 Unaffected | Unaffected | Unaffected 
Artificial seawater temperature 672 | Unaffected | Unaffected | Unaffected 
Tap water at 180°F, 125 | Slight discoloration | Unaffected "Slight discolorationof 
of rod. | rod. 
Boiling water 25 | Unaffected Unaffected | Slight — discoloration 
| and blistering, 
40 v0 Marked  discolora- | * 
tion (apparently | 
| connected with | 
| film defects). 
125 | ” | ” | ” 
Boiling 10 per cent aqueous sodium -1 | Unaffected Unaffected Discoloured immedi- 
hydroxide. ately and coating 
commenced to fall 
away exposing metal 
7 in a few minutes, 
50 =| Slight discoloration - 99 
of rod. 
100 As before plus a few | s re 
small blisters. 
125 ie Slight discoloration | 
of coating. 
Boiling 10 per cent Sulphuric acid 100 Unaffected Metal attacked 


Slight discoloration. 
(through film de- 
fects). 








naturally detracts from the appearance of the film. 
However, this may be overcome either by ageing 
the mixed amine and epoxide resin solutions 
overnight or by using what is known as an 
** adduct ” curing agent. The latter is the reaction 
product between the epoxide resin and excess 
amine, which having still available free amino 
groups can react with and cure further quantities 
of epoxide resin. 

The chemical resistance of films obtained by 
room temperature cure of a varnish based on this 
system is compared in Table V with the behaviour 
of an “ Epikote’’/phenolic resin varnish and a 
chlorinated rubber paint. 


Polyamide Resins as Curing Agents for Epoxide 
Resins 

The polyamide resins may be regarded as a 
development of amine curing agents for epoxide 
resins. They are condensation polymers of amines 
and heat polymerized vegetable-oil acids, provid- 
ing a low molecular weight polymer with amine 
end groups. 
These are a comparatively recently developed 
curing agent for epoxide resins, but it is already 
apparent that, while giving properties in many 
ways similar to those obtained with amine curing 
agents, very much greater film flexibility is gained 
by their use(®-7). 


Postulated Structures of Polyamide Resins 


COOH 
(CH), 


4 H ‘\ 
HC CH-(CH,),-COOH 
' 


i] 
HC CH-CH,-CH=CH-(CH,),-CH; 
\CH7 


CH), 
H; 
HOOC-C,,H,.-COOH + NH,-R-NH2——————> 
wee 
NH,-R-(NHC-C,,H,,-CNH-R), NHC-C,,H,.-COOH 


THE USES OF EPOXIDE RESIN FINISHES 


The variety and number of the end uses already 
established of epoxide resin finishes are extremely 
impressive, especially in view of the relatively 
short time which has passed since the resins 
became commercially available in Europe. There 
is no doubt that epoxide resins are now being 
called upon wherever a high-quality finish is 
required, particularly one combining some or all 
of the properties of flexibility, adhesion, toughness 
and chemical resistance. 
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fig. 1. Examples of collapsible tubes 
coated with Epoxide resin based 
ishes. 








The major outlets for epoxide 
resin finishes are: 

Can coatings (both internal and 
external, also sizes). 





ion of ge , 
Drum linings and coatings. 
— Primers and finishes for domes- 
‘tion tic appliances. 
Primers and finishes for 
industrial equipment. 
Internal and external coatings 
for collapsible tubes. 
a Coatings for the protection 
nedi- of chemical plant. 
ating Wire enamels. 
fall | Floor varnishes. 
my Marine coatings. 


Aircraft finishes. 


Packaging: 

In the packaging field these finishes are in 
demand for container coatings because of the 
on. flexibility and chemical resistance which they offer. 
Phenolic resin finishes had been previously used 
for lining cans and drums where protection against 
— the contents was necessary. However, such 
finishes were lacking in flexibility, this being 
particularly important in view of the current 
practice of coating in the flat prior to all drawing 
and forming operations. 

This is not to say that phenolic resin finishes 
cannot be used in such processes: however, 
epoxide resin systems do permit of more rapid 
and deeper draws giving increased and improved 
production. 

One rather extreme example of the demands 
made, occurred in the case of a particular company 
which wished to import canned meat from Africa. 
In view of the lack. of skilled labour there, they 
decided to fabricate the cans in the U.K.., that is 
lacquer the metal and shape the cans, then flatten 
them for shipment to Africa, re-shape there, fill, 
sterilize and ship back to the U.K. It can readily 
ES be seen that a very high standard of flexibility was 





required. The only lacquer which was capable of 
standing up to these conditions was one based on 
an “ Epikote ” resin formulation. 

Similar requirements are apparent for the 
coating of collapsible tubes, e.g. for toothpaste or 
shaving cream. Here the increasing complexity 
of the materials packed and the high standard of 
customer appeal demanded from the package 
have led to the increasing use of epoxide resin 
finishes, both internally and externally. 

For the internal lacquering of cans, drums and 
collapsible tubes the most generally used finish is 
one based upon an epoxide/phenolic resin for- 
mulation. In the case of the external coatings a 
rather wider range of formulations may be 
considered, depending upon the particular stoving 
facilities available, but the main types are either 
an epoxide dehydrated castor-oil ester/melamine 
resin or an epoxide/urea resin type of formulation. 


Domestic appliances: 


The question of higher standards together with 
the paint problems caused by the introduction of 
synthetic detergents has also led to an interest in 
epoxide resin finishes on the part of the makers 
















TABLE V. 
dy ae : = 
sly Reagent Room temperature cured | Stoved “ Epikote ” 1007/ Chlorinated rubber 
sly ** Epikote ” 1001/amine phenolic resin paint 
ns | iabiitippeai 
re 2 per cent caustic soda > 12 months >12 months 20 days 
40 percent, me 197 days >14 3 | BT 4, 
ng 2 per cent sulphuric acid et 60 days m ., 
is 20 per cent acetic acid y pe 226: ,, ae 
all ater > 9 months > 9 months ws 
- Toluene 200 days 200 days 1 day 
, MIBK 100 ,, 190 ,, ate oe 
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Fig. 2. Epoxide resin based primers, and also to some 
extent finishes, are finding increasing application in the 
field of domestic appliances. 

of domestic appliances. In the case of washing 
machines and refrigerators most attention has so 
far been paid to the epoxide resins as the basis of 
primers. Here their toughness, adhesion and 
corrosion resistance are the deciding factor and it 
is of interest to note that 8 out of 10 washing 
machines now produced in the U.S.A. have an 
epoxide resin primer. In two or three cases 
epoxide resin formulations are also used as top 
coats, but generally the manufacturers are still 
using alkyd resin based finishes over the epoxide 
resin primer(’). Similar developments are taking 
place in the U.K. 

In this field the type of epoxide resin formulation 
which is most generally used is one based upon a 
dehydrated castor-oil ester/melamine resin system. 
The properties which may be expected from such a 
finish as compared with an alkyd/melamine resin 
enamel are indicated by the following test. 
Aluminium panels were coated with the epoxide 
and alkyd resin finishes, and after stoving were 
spotted with the following materials, which are 
generally regarded by manufacturers of domestic 
equipment as likely domestic hazards: 

Lipstick 

Mayonnaise 

Butter 

Vinegar 

Rhubarb Juice 

50/50 alcohol/water mixture 
The dehydrated castor-oil ester finish was un- 
affected after three weeks exposure to the above, 
but in the case of the alkyd finish break-down 
occurred under the influence of lipstick, vinegar 
and 50/50 alcohol/water mixture after three days. 
This superior resistance of the epoxide-resin 


finish combined with their toughness and adhesion 
is very attractive to manufacturers secking to 
improve the coatings on their appliances. 
Industrial equipment: 

In the case of industrial equipment, the range 
of corrosive substances encountered in use is very 
wide. In addition an attractive appearance js 
generally called for together with sufficient 
toughness and adhesion to withstand the mal. 
treatment to which this type of equipment js 
usually subjected. It is impossible, to giye 
examples of all the uses of epoxide resin finishes 
in this field but a few will suffice to indicate their 
properties. Epoxide resin finishes are now being 
used for:—parts of bottle washing machines, 
hydraulic brake fluid containers, coating office 
equipment, interior surfaces of hydro washers, 
finishes for electric motors and certain heavy duty 
fluorescent light reflectors. 

Chemical plant protection: 

The amine cured epoxide resin system is at 
present most widely used as a protective coating 
for industrial plant where severe or unusual 
corrosion problems are experienced, which natur- 
ally occurs mostly in the chemical and associated 
industries. As previously stated, this type of 
finish gives films with properties approaching 
Fig. 3. Ventilation systems often operate in corrosive 
atmospheres and present maintenance difficulties. The tough 
corrosion-resistant film provided by paints based on epoxide 
resins can considerably prolong the life of this and similar 
equipment. 
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Fig. 4. The use of epoxide _resin 
hased formulations for the lining of 
this oil-refinery salt-water purification 
unit gives evidence of their perform- 
ance under exacting conditions. 


those of high temperature 
stoved coatings, and it has thus 
created a new standard of 
performance forroom tempera- 
turecured formulations. Amine 
cured finishes have been suc- 
cessfully used for the protection 
of an ammonium - sulphate 
plant; here the rate of corrosion 
is unusually high, due to the 
hydrolysis of ammonium- 
sulphate dust giving rise to acid 
solutions. All other coatings 
tried have been found to fail 
under these circumstances. 
This finish has also been satisfactorily used for 
coating chequer plates and steel work around an 
acid sludge kilh, the protection of galvanized 
tanks used for boiling cottons in caustic-soda 
solution, and as the interior lining of mild steel 
tanks used for metal quenching. 

Not all of the problems successfully solved 
with amine-cured finishes have arisen in chemical 
plant, they have also proved of great interest to 
brewers and cider makers as coatings for concrete 
tanks to replace the more traditional type of vats, 
also as maintenance finishes. Another outlet for 
the amine-cured finish is as tank-car linings in 
cases where stoving is not possible or desirable. 

Their use as coatings for concrete is of interest 
both because of the relatively thick coating which 
can be applied and because of its resistance to the 
alkali released from the concrete on maturing, 
combined with the general chemical resistance of 
the films. Concrete storage tanks have success- 
fully been coated for containing a variety of 
materials, including aviation gasolene. This 
epoxide resin finish has been used for lining 
swimming pools and for concrete floor finishes, 
for example, for hangars and car showrooms. It 
may thus be seen that this system offers a very 
versatile and useful coating. 


Other uses of Epoxide Resins 

This paper has naturally dealt with the surface 
coating aspects of epoxide resins, but their usage 
i$ not by any means limited to this field. The 
fesins are also being widely used in the fields of 
potting, casting, laminating, adhesives and vinyl 
stabilizers(®). With the exception of the latter, 
where the resin is used as such, the resins are 
generally cured with amines for these applications. 





Potting and Casting: 


The term ‘ potting’ is used to describe the 
encapsulation in resin of electrical components, 
circuits and high voltage equipment especially 
transformers. The epoxide resins are particularly 
attractive materials for this application. Here the 
most important properties are the excellent 
electrical characteristics of cured epoxide resins: 
their adhesion which ensures a complete seal 
around metallic and other inserts, thus protecting 
the components under humid conditions; and the 
low co-efficient of expansion of the filled resin 

(continued in page 104) 
Fig. 5. Apart from their use for surface coatings, epoxide 
resins are widely used for the ‘potting’ of electrical 
components. 
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RESEARCH e 
* 


HERE is a great variety of ways in which 

industrial efficiency can be improved, ranging 

from improvements in plant and manufacturing 
technique, in handling methods, in personnel 
management, and in reduction of scrap, to funda- 
mental changes in the technology of the process. 

The new sciences of production engineering and 
time-and-motion study are commanding wider 
attention throughout industry and are already 
making their contribution towards greater efficiency 
in the metal-finishing industries. 

Metal finishing however, and in particular, the 
complex electrochemical process of electroplating 
must look more to increased knowledge of the 
fundamental processes on which it is based than to 
improvements in its shop-floor practice if it is to 
make significant progress. 


metal finishing journal 


The Mainspring of Progress 


It is therefore essential to ensure that a 
adequate amount of money and energy is devoted 
in this country to fundamental research on the 
subject. 

In order to make widely known the existing work 
and facilities which exist at present for carrying 
out research into metal-finishing subjects, we ar 
publishing, commencing with this issue, on th 
facing page, a series of articles describing the work 
of laboratories and other organizations active in 
this field. It is to be hoped that when this survey 
is complete some appreciation may be gained of the 
work which is in progress throughout the country 
which may lead to a more efficient utilization of 
these facilities and also possibly, may reveal any 
deficiencies of effort which may exist over the 
whole front. 





Epoxide Resins 
(continued from page 103) 


enabling them to withstand extremes of thermal 
shock. Such potted components were originally 
developed for Service requirements but their use 
is now being extended to industrial applications. 

A new development in which epoxide resins are 
prominent, and which is now under active con- 
sideration by U.K. engineers, is the manufacture 
of press tools, jigs and moulds from filled resin 
compositions. Dies based on these compositions 
are already being used by some U.S. Companies 
for the stamping and deep drawing of steel. 


Laminating: 

Epoxide resins are extremely useful low pressure 
laminating resins, offering excellent chemical 
resistance and improved strengths. The principal 
reinforcing material used is glass fibre in the form 
of cloth, roving or chopped strand mat. The most 
important outlet for the epoxide resins in this 
field is the manufacture of chemically resistant 
piping and chemical plant. Such items are of 
particular interest to the chemical, oil and mining 
industries. 


Adhesives: 

Adhesives based on epoxide resins are primarily 
of interest for bonding metal to metal, although 
they may be used for practically any combination 
of polar materials. At present they are mainly 
being used by the aircraft industry. 

Both room temperature and hot-setting com- 
positions are available, but in general a better 
performance is obtained with the latter. 


Stabilizers: 

Vinyl resins, especially PVC, are generally 
processed at a temperature near their decom- 
position point. Stabilizers are thus required to 
facilitate their use. The epoxy group is an acid 
acceptor and is therefore capable of absorbing 
the hydrochloric acid formed during decomposi- 
tion. While the resins could be used alone, their 
performance is very much improved if they are 
used in conjunction with other stabilizers, such as 
heavy metal salts. 

Although these other uses of epoxide resins 
have been perforce dealt with rather summarily, 
they are becoming of increasing importance, and 
the commercial possibilities in these _ fields, 
particularly of laminating, are very great. 

The epoxide resins are newcomers to the plastics 
and resins industry, but few base materials have 
offered more promising versatility and, what is 
more, this promise is being substantiated in 
practice. Furthermore, there is no doubt that as 
these resins become even more widely used new 
outlets will be discovered. 

The author wishes to thank the Directors of 
Shell Chemicals Ltd., for permission to publish 
this paper. 
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The Work of 
The British Non-Ferrous 











at an 

evoted © ° 
the Metals Research Association 
be for the Eleetroplater’ 

ye are by E. C. MANTLE, M.Sc., A.I.M.,¢ and J. EDWARDS, Ph.D. 

mn the 

> work HE British Non-Ferrous Metals Research day problems, handled by Mr. E. A. Ollard under 


ive in Association sets out to provide the electro- the Liaison Department. In both cases the work 
survey § plating industry not only with research facilities, is backed by the service facilities of a comprehen- 
ofthe } but also with a comprehensive technical service sive metallurgical research laboratory so that the 
untry § covering almost all its requirements other than most up-to-date techniques can be brought. to 
ion of purely routine testing. The extent to which this bear on the problems, and by an efficient infor- 
il any @ aim is realized can, of course, depend only on the mation department and library. 

r the # support which the organization receives from the The B.N.F.M.R.A., or B.N.F. as it is usually 
plating industry. The facilities are all there and called by its members, was founded in 1920 and 
—— § the following brief details about the Research now has over 600 member firms. Its interest in 
Association’s activities will indicate that on most electroplating dates from 1926, when a financial 
sides these facilities have already been developed contribution was made to the research sponsored 
erally § to a high degree. by the D.S.I.R. at the Research Department, 
wey Electroplating technology is essentially built Woolwich and elsewhere, while in 1933 the 
ed to up on empirical knowledge and experience. B.N.F.M.R.A. took over from. the D.S.I.R 
1 acid Fundamental knowledge about the processes responsibility for raising all the funds for this 
rbing Fused is still very limited. Even such important work. It is worth mentioning that the Association 
npost # issues as why some solutions give a bright deposit at this time introduced for platers a free, con- 
and other solutions have levelling properties are _fidential technical service similar to that already 
*y a not understood at present and the need for available to other members. 





fundamental research into plating processes is The work sponsored at Woolwich by the 
._& abundantly evident. The Research Association B.N.F.M.R.A. ended in 1942, owing to pressure 
resils § is in a strong position to provide this. there of other work. The high achievements of 
rarily, Inevitably, however, the fundamental approach _ this period of 17 years have recently been briefly 
; - is slow to begin with, especially in a subject like reviewed(') and need not be described at further 
fields electroplating where essential background data length here. 
ast are still lacking. There must be patience while Shortly after the end of the war, laboratory 
Aastics F research is going on to elucidate some of the more space became available at the B.N.F.M.R.A. 
have elementary principles, and it is bound to be some headquarters at Euston Street and a Metal 
-y SH time before there exists sufficient basic information Finishing Laboratory was established. In 1946, 
inf to enable many of the problems of the industry to Mr. E. A. Ollard, A.R.C.S., F.R.I-C., F.1.M., a 
ree be solved on any but empirical lines. This applies well-known figure in the plating industry, was 


particularly to the day-to-day technical problems appointed as Electrodeposition Adviser and the 
cropping up in the running of a plating shop. section has steadily expanded until it is now 
The great advantage of the Research Association comparable in size with the other sections in the 
apc re the organization there exist facilities research laboratories. 

or both lines of approach needed by the industr : : : 

On the one hand, there has been built up over the ity apy - ~ rang se nop 
post-war years a strong research team under Dr. _, | day there is a plating shop with a floor area 
J, Edwards to tackle the fundamental work, f !,300 sq. ft., a polishing room, and a separate 
directed by Dr. G. L. J. Bailey, the Assistant laboratory of 550 sq.ft. for specialized equipment, 
Research Manager; while on the other hand, there i” addition to offices and a small dark room. 


exists an advisory service to cope with the every- Ae ameg a po genre eaten 


ublish 








* B.N.F. Reprint and Circular 259. 
t Liaison Officer, B.N.F.M.R.A. (i) G. L. J. Bailey, “A Review of Co-operative Electroplating Research 
} Head of Electrodeposition Section, B.N.F.M.R.A. in Britain,” Sheet Metal Industries, 1953, 30, 213. 
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X-ray and electron-diffraction techniques, and 
corrosion testing, all of which have been employed 
on various occasions in the electroplating re- 
searches. Low-voltage supplies are obtained from 
a 7-volt, 500-amp. rectifier and a 75-volt, 400-amp. 
motor generator. The polishing shop is equipped 


Fig. 2.— A _pilot-scale 
electroplating line in use 
for the study of organic 
bright - nickel plating 
baths. 


Fig. 1.—Apparatus being 
used in a basic study of 
the mechanism of level. 
ling action of electro. 
plating solutions. 


with two polishing spindles and a tumbling barrel. 
Permanent equipment in the plating shop includes 
a trichlorethylene degreaser, a water-softening 
plant and a portable demineralizing plant. 
Plating vats and accessories are continually 
changed and rearranged in accordance with the 





Fig. 3. — Sulphur-dioxide 
exposure chamber with 
apparatus for controlled 
mixing of sulphur dioxide 
and moist air used as an 
accelerated test for assess- 
ing the corrosion resistance 
ofnickel/chromium deposits. 


metal finishing journal 


work in hand. At present a large area of the shop of comparable size and many smaller ones 
is occupied by a pilot-scale nickel/chromium containing a variety of plating solutions. 

plating plant consisting of two complete cleaning Test equipment in more or less continuous use 
lines with swills, etc., two bright-nickel plating includes a pH meter and millivoltmeter; several 
vats (40 gallons each) and a chromium plating _ thickness testers; instruments for the theasurement 
vat (40 gallons). There are also several other vats of surface finish and reflectivity; apparatus for 


Fig. 4.—Another view of 
the organic bright-nickel 
pilot plant. 
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accelerated corrosion and porosity tests; spiral 
contractometers for stress measurement. Cathode- 
ray oscillographs are. frequently employed in 
experimental work and there is a variety of 
specialized equipment as well as standard platers’ 
tools such as Hull cells, tong testers, etc. 


Plating on Aluminium 

It is now possible, with the funds and staff 
available, to keep three or four major research 
projects going and to spare a fair proportion of 
effort for investigating minor problems as they 
arise. One of the first subjects investigated in the 
new laboratories was plating on aluminium. A 
careful study was made of the’ adhesion of 
deposits applied by the zincate immersion process 
and this was followed by a similar study of an 
electrolytic method of preparing aluminium for 
plating. The structure and properties of the 
various deposits produced were also examined 
using a variety of techniques including electron 
diffraction. As a result of this work a modified 
electrolytic process was developed which appeared 
to be superior to the other methods, giving good 
adhesion without the need for stoving. © This 
modified process is now undergoing large-scale 
trials. 

At about the same time, a fundamental study 
of the mechanism of electropolishing was carried 
out. This resulted in a working hypothesis 
accounting for the main features of both electro- 
polishing and chemical polishing and leading to a 
number of conclusions of practical importance. 


Nickel Plating 

As is to be expected, nickel plating features 
largely in the research programme. At present a 
demonstration is being run of two bright-nickel 
plating lines using well-known proprietary 
solutions. These lines are continuously engaged 
in plating car-bumper over-riders, and a careful 
check is kept of variations in the principal 
properties of the deposits and the solutions. 
Measurements are being made of stress, ductility, 
hardness, corrosion resistance, bright plating 
range, throwing power, and other properties, 
while precise analytical control of the solutions is 
maintained. Other work has been concerned with 
the application of the B.N.F. Jet Test to organic 
bright-nickel deposits, a study of various methods 
of determining porosity in nickel deposits and the 
nature and origin of roughness in deposits. 

A basic approach is being followed in a 
research into the mechanism of the levelling 
action possessed by certain nickel and other 
plating solutions. Such solutions are already in 
use, but at this early stage there is obviously room 
for improvement in their performance, and their 
effect on the properties of the deposit have also 


to be considered. These solutions, of course, hold 
out the promise of major savings in the heavy 
costs of mechanical polishing. 


Co-operative Work 

Typical of the way in which the B.N.F. is able 
to organize and co-ordinate co-operative research 
work in the industry is the assessment it 
during the acute nickel shortage, of substitutes 
for nickel as an undercoat for decorative 
chromium. While no satisfactory substitute was 
found, useful information was obtained about the 
possibilities of the many suggested alternatives, 
In this case, a large number of member firms 
were requested to plate identical steel pressi 
with various finishes, including the usual nical 
chromium finish, and the specimens were exposed 
under different atmospheric conditions. Cop 
currently, recommendations were issued for 
economy measures to be taken in electroplating 
shops. ; 

Chromium Plating 

Work of a similar kind has recently been under- 
taken in connexion with research on _ bright 
chromium plating. Laboratory work indicated 
the range of conditions over which bright crack- 
free deposits of chromium on nickel could be 
obtained and co-operative trials were then 
organized to see how far these conclusions were 
affected by industrial plating conditions. Further 
trials of the possibility of producing a crack-free 
bright-chromium deposit of greater thickness and 
corrosion resistance than commonly employed 
are being organized at present. 


Thickness Gauge 

The B.N.F. Jet Test has for many years been 
the standard inspection test for the thickness of 
coatings. There is, however, a real demand fora 
non-destructive thickness gauge and the B.N.F. 
has recently developed one based on a thermo- 
electric effect. In use, this simply involves 
placing a measuring head on the surface to be 
examined and reading off the thickness of the 
plating from a pre-calibrated dial. (Patent 
protection is being sought for the device in the 
interests of B.N.F. members). A number of 
prototype instruments have already been made 
and are now undergoing trials in members 
plating shops. Meanwhile work is continuing to 
perfect the instrument and to modify it to enable 
it to deal with duplex coatings such as nickel on 
copper. 

Advisory Services 

All members of the Research Association are 
entitled to make use of a confidential technical 
consulting service without charge. This service 
is designed to help them with their day-to-day 
problems, and in 1954, out of a total of nearly 
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Fig. 5.—A contractometer in use for the measurement of the 
build-up of stress during the deposition of bright-chromium 
plating. 

1,300 enquiries received, about 10 per cent were 
concerned with electroplating. Many concerned 
defects in the deposit or difficulties in plating 
certain articles, while others referred to new 
plating techniques or the treatment to apply for 
exceptional service conditions. Often a visit is 
needed to decide on the cause of the trouble and 
remedial measures, while in other cases a labora- 
tory examination of the article or a few experi- 
ments in the plating shop suggest a solution. 
Sometimes a plating difficulty arises from a 
metallurgical defect in the basis material, but this 
presents no difficulty in the case of the B.N.F. 
since all the techniques of metallurgical examina- 
tion and analysis are ready to hand. 

The staff of the B.N.F. is so balanced that the 
necessary electroplating ““know-how” is available 
both for the solution of problems received from 
members and also to give practical direction to 
the research programme, in which the research 
workers and practical platers work closely 
together. This system is particularly valuable 
when the need for the industrial development of 
the results of a research arises. 

Mention has been made above of the Infor- 
mation Department and Library, from which 
members can obtain the world’s latest literature 
on metal finishing and data from the published 
and other records. 


Conditional Aid Funds 

A modest allocation of conditional aid funds 
from the Mutual Security Agency scheme has 
enabled the B.N.F. to extend its advisory service 
for the electroplating industry in certain directions. 
The funds are being used to make a survey of the 
industry, studying all points affecting its technical 
efficiency. At the same time, as much information 
as possible is being collected about the costs of 
the main processes and the materials and labour 
employed, to act as a yard-stick for each plater to 
assess the efficiency of his own practice. Each 
firm collaborating in the survey is given a critical 
report about its practice and plant and how it 
compares with the average, and where appropriate, 
suggestions are made for improvements. These 
reports are strictly confidential to the individual 
firm concerned, but eventually a report giving 
general conclusions and recommendations for 
improving efficiency will be drawn up in con- 
sultation with an advisory committee of represen- 
tatives of the Metal Finishing Association and 
firms from among the B.N.F.M.R.A.’s member- 
ship with major interests in electroplating. 

This extension of the normal advisory services 
is available alike to members and non-members 
of the Research Association. The survey has 
now been in progress for a year and will continue 
along these lines for another year or more. Its 
scope may, however, be widened eventually to 
deal with aspects more directly connected with 
productivity as distinct from technical efficiency, 
such as the utilization of plating vats and methods 
of costing. 


COUNCIL OF INDUSTRIAL DESIGN 

The Board of Trade announce that the Presi- 
dent has appointed Mr. Misha Black, O.B.E., 
F.S.LA., M.Inst. R.A., Prof. R. Y. Goodden, 
R.D.I., A.R.ILB.A., F.S.LA., Messrs. William 
Johnstone, O.B.E., and J. M. Richards to be mem- 
bers of the Council of Industrial Design. He has 
also re-appointed Messrs. George Breeze, Geoffrey 
Dunn and Lesley Gamage, M.C., Miss Mary 
Grieve, Messrs. G. W. Lacey, C.B.E., and R. A. 
Maclean, The Lady Sempill and Mr. F. J. 
Stratton, C.B.E., to be members of the Council 
on the termination of their existing appointments. 

He has also appointed Miss I. S. Gibson, 
O.B.E., J.P., B.Sc., and Mr. R. R. Scott Hay, 
M.S.1LA., to be members of the Scottish Com- 
mittee and has re-appointed Mr. R. A. Maclean, 
who was created a Knight Bachelor in the New 
Year Honours for service to industry in Scotland, 
to be Chairman, and The Baron Marchand, 
Messrs. I. H. Stuart Black, J. Crawford McKell 
and W. D. Ritchie to be members on the termina- 
tion of their existing appointments. 
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Advice on all aspects of metal finishing practice is offered on these pages, and while every care is taken to ensure the accuracy of 
ied ibility can be accepted for any loss which may arise in respect of any errors or omissions, 


(c) A third method that may be used measures 


information suppl no resp 





Estimation of Coumarin 
Sir, 

With reference to the editorial comment pub- 
lished in reply to one of your correspondents in 
the February issue of METAL FINISHING JOURNAL 
I would like to enlarge to some extent on the 
subject of the Estimation of Coumarin (and of 
certain other organic brightening agents) in nickel- 
plating solutions. 


Although there does not appear to be any 
published information in this country concerning 
the analysis of coumarin the following comments 
may be of interest :— 


(a) A plating supply house and chemical manu- 
facturer on the other side of the Atlantic does 
give a volumetric method of analysis for a 
levelling agent containing coumarin. Also 
given are spectro-photometric methods using 
absorption in the ultra-violet spectrum for 
coumarin and its reduction products. 

The volumetric method consists, briefly, of 
extracting organic matter with chloroform, 
carefully evaporating the chloroform, re- 
dissolving the residue, titrating with standard 
(0.1N) alkali to a faint pink using phenol- 
phthalein as the indicator. This result is 
disregarded and a known quantity of standard 
alkali added and allowed to stand for a few 
minutes. Titrate with 0.1N acid to the faint 
pink colour once more. From the results 
obtained it is possible to determine the amount 
of alkali (in NaOH) that has reacted with 
coumarin and thus to determine its quantity. 


(5) An ultra-violet spectro-photometric absorp- 
tion method has been developed in this country, 
but as yet unpublished, and has the advantage 
of being able to determine other organic 
brighteners commonly used. The approach to 
the problem is somewhat different in that the 
brighteners are extracted by continuous liquid- 
liquid extraction using chloroform. The 
chloroform layer is removed and contains 
coumarin and other brighteners soluble in 
chloroform, whereas the aqueous layer con- 
tains such substances as saccharin. 

The chloroform layer is distilled under 
reduced pressure, the apparatus washings 
(warm water) are made up to a standard 

volume and the U.V. absorption measured on 

a spectrophotometer. After further treatment 

the aqueous layer is treated in the same way. 








A SELECTION OF READERS’ VIEWS, 
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fluorescence when the solution is irradiated 
with ultra-violet light. Coumarin in the 
presence of caustic soda undergoes a cis-trans 
isomerism from ortho-coumarinic acid to 
ortho-coumaric acid, the latter being a well. 
known fluorescent indicator. The change from 
cis to trans takes roughly 30 seconds (Feigl 
—1954), after which the fluorescence may be 
measured in a fluorimeter. The instrument 


























an 
described in the “Analyst” October, 1954 by It is 
Dowdall and Stretch is quite satisfactory for J operat 
this purpose. The coumarin may be extracted & that he 
with chloroform as before, or possibly by & howev 
making the nickel solution alkaline with § have li 
caustic soda, “spinning down” the precipitate Intl 
with a centrifuge and measuring the fluores- § with | 
cence in the topmost liquid. The latter would § voltag 
be a very rapid method, but it has not been § nits ; 
checked to see how reproducible it is. 1. 17 
(d) A qualitative separation of coumarin from § electri 
paratoluene-sulphonamide may be made using § what: 

a disc chromatogram using 50 per cent chloro- @ volt 1 
form-acetone as solvent. Coumarin gives a § throu 
blue fluorescence and P.T.S. a faint yellow 2. 
fluorescence when viewed under a U.V. lamp. § curre 

- A very good separation of nickel from 3, 
coumarin may be obtained on a paper strip Th 
chromatogram, the part containing coumarin § three 
cut-off, extracted with caustic soda and the § | vol 
fluorescence measured with the fluorimeter. throw 
Although it is not pretended that these § simp 
methods are perfect, it does show that these § anyo 
problems are not insurmountable and now that thor 

a start has been made better things will follow. watt 
RS ° and 

Perhaps to a small jobbing plater these affairs amy 
are of no great concern, but where large-scale taf 
automatic plating plants are used in the production § 7, 
flow line, the knowledge of what these brighteners a0 
are, and how to analyse for them is essential to the It 
plant users’ chemists to help them to eliminate met 
rejects. Too little or too much brightening agent tos 
can produce hundreds of rejects on these auto- the 
matic machines in a very short space of time; flov 
therefore, a full knowledge of the addition agents Th 
and how to control them will be of very great thr 
value indeed. ] 
Yours, etc., the 

JOSEPH LUCAS LTD., F. WELLS. am 
GT. KING STREET, als 
BIRMINGHAM. the 
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A Students Guide to Examination Courses 
in Metal Finishing 





Compiled by A. ALEXANDER 





Lack of success in passing examinations arises almost as frequently from failure 


to apply knowledge properly as from failure to acquire knowledge. 


This series 


of articles is intended to assist actual and intending entrants for the City and 
Guilds Certificate Examinations in Metal Finishing. 


(Series continued from page 81, February, 1955) 


4, A Knowledge of Simple d.c. Electrical Circuits 
and Electrical Units 

It is obviously necessary for a plating-shop 
operator to know enough about the electrical gear 
that he is using to operate it satisfactorily. It is, 
however, surprising how many operators seem to 
have little or no electrical knowledge. 

In the first place, the operator should be familiar 
with the units used to measure current and 
voltage, and the electrical circuits. The following 
units are used in plating shops:— 

1. The Volt——This is the unit measure of 
electrical pressure. An electrical current is some- 
what similar to a flow of water in a pipe and the 
volt is the unit of pressure pushing the current 
through the system. 

2. The Ampére.—This is the unit measure of 
current flow. 

3. The Ohm is the unit of resistance. 

There is a definite relationship between these 
three units. The value of the ohm being fixed, 
1 volt will cause the current of 1 ampére to flow 
through a resistance of | ohm. This is quite a 
simple relationship, but it is quite essential that 
anyone dealing with plating vats should be 
thoroughly familiar with it. One other unit, the 
watt, is also used. This is the amount of power 
and is simply the product of the volts and the 
ampéres. For practical purposes a kilowatt, that 
is 1,000 watts, is often used, and the Board of 
Trade unit on which the price of current is based 
is a kilowatt for one hour. 

It should be remembered that the amount of 
metal deposited in the plating vat will be propor- 
tional to the current that flows through it, that is 
the ampéres and, of course, the time for which it 
flows (amp.-hours). This will be dealt with later. 
The voltage across the vat is required to push 
through the desired amount of current. 

In ordinary plating systems, it is usually found 
that there is a meter, an ammeter, to measure the 
amount of current flowing through the vat, and 
also a voltmeter to measure the pressure across 
the vat. This latter instrument is not essential for 


many purposes, but is an extremely useful guide, 
as variations in the voltage required often give 
indications of changes of composition of solution, 
bad connexions, etc. 

In connecting up the vat, it must be remembered 
that current cannot flow unless there is a complete 
electrical circuit to and from the generator. Since 
the ammeter measures the amount of current 
flowing through the circuit, it will be connected 
so that the current flows through it, while the 
voltmeter which measures the pressure across the 
circuit, will be connected across the vat terminals. 
The normal connexions of a vat are shown in Fig. 
4. It is also usual to arrange some method of 
controlling the current on the plating vat. This 
current may be obtained either from a low-voltage 
generator or from a rectifier. An operator is not 
expected to know a great deal about either of these 
pieces of mechanism which will be generally under 
the charge of the foreman of the shop. Either 
generator or rectifier, however, will normally be 
provided with some type of regulator by which the 
voltage can be controlled. In some cases, this may 


Fig. 4.— Diagram of connexions to plating vat 
+ ii 
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be used to control the current flowing on the tank, 
but if more than one tank is worked from a single 
piece of equipment, then it will be necessary to 
put an individual resistance board on each tank, 
so that the current can be controlled on each tank 
separately. This board contains a number of 
resistance coils, coils of wire made of material 
through which the current does not easily flow, 
and a switch by means of which the number of 
coils in a circuit can be varied. By operating this 
switch the resistance of the board can be altered 
and, since this board is placed in series with the 
vat, the resistance of the whole system; thus if 
the terminal voltage is kept constant, the amount 
of current flowing through the system will be 
increased or decreased as the resistance of the 
board is decreased or increased respectively. 

A direct current flows in one direction only. It 
is conventional to speak of the current as flowing 
from the positive terminal of the generator or 
rectifier, to the negative terminal. It is conven- 
tional to mark the positive terminal in red and the 
negative in black. (In point of fact, a current is 
composed of a stream of electrons which flows in 
the opposite direction, but this need not concern 
the plating-shop operator). In connecting up a 
plating tank it is, of course, quite essential it shall 
be connected the right way round, so that the 
current flows from the anode bar, through the 
tank to the work bar. For various reasons it is 
usually preferable to connect the ammeter and 
resistance board between the work bar and the 
negative of the generator, although it is not 
essential to do so. Where any doubt exists as to 
which is positive and which is negative these can 
normally be tested by means of a voltmeter, 
because if a d.c. voltmeter is used the terminals of 
this will be labelled, and when the positive terminal 
of the generator is connected to the positive 
terminal of the voltmeter and the negative of the 
meter to the negative of the generator, the meter 
will read in the correct direction, whereas, if the 
leads are reversed, it will read backwards. Some 
types of meter (moving-iron meters) will, however, 
read in either direction so that it is advisable to 
reverse the leads and make sure the meter reads 
backwards. When a tank is wired up the direction 
of the current must be carefully checked. 

When wiring up the tank it must also be 
remembered that a plating tank normally requires 
a large current at low-voltage. The conductors 
used, therefore, to connect it up must be sufficiently 
large. If an attempt is made to connect up a tank | 
which is required to be operated at a current of 
1,000 ampéres with a piece of 22-gauge copper 
wire, it will be found that either it is impossible 
to get more than a small fraction of the current 
through it, or if the voltage is raised sufficiently, 
the wire gets red hot and melts. It is usual to 


connect up tanks with a copper rod or bar and ty 
allow at least 1 in. of cross-section for each 
1,000 ampéres. 

The plating-shop operator will not normally by 
concerned with the installation of a tank or the 
methods used to connect it to the d.c. mains, by 
he should remember that any small resistance jp 
the circuit will considerably reduce the amount of 
current which he can get through it and at the 
same time increase the voltage. It is often found 
that such resistance is due to loose or dirty cop. 
nexions and the operator should make certain that 
all the connexions on his tank are in good order, 
Normally a bad connexion will get hot so that by 
feeling these connexions from time to time itis 
possible to tell whether they require attention. In 
an examination a candidate may well be asked to 
indicate by means of a sketch how plating tanks 
should be wired up, and also to discuss such 
points as those that have been raised above. Itis 
desirable, therefore, for him not only to familiarize 
himself with the circuit diagram of a plating tank, 
but also when he is in the plating shop to follow 
out the wiring of the various tanks there, and to 
ascertain the reasons for it being carried out in 
the way that it is. 


5. Plating Plant 

Since plating-shop operators will have to spend 
their working day dealing with plating plant, it is 
quite obvious that they should be familiar with 
this, and should know something of the materials 
of which it is made and the reason for their use, 
and also how to maintain it satisfactorily. 

The principal piece of plant is, of course, the 
plating vat itself. This is usually made rectangular, 
both for convenience of construction and use. 
Except in certain cases, cylindrical tanks would 
not be convenient and would require more room. 
For some special operations, various odd-shaped 
tanks have been used, but for the majority of 
purposes the rectangular tank with an open topis 
the most convenient. 

This tank must be constructed of some material 
which will not be attacked by the plating solution. 
If, for instance, an acid solution was used in an 
ordinary steel tank, the tank would very soon 
dissolve and the solution run out. In addition the 
material of which the tank is made must not con 
taminate the solution, although this is a point 
which is sometimes lost sight of. 

Acid solutions are generally used in a tank lined 
with lead, rubber, polythene or other plastic. 
Sometimes, however, although these materials 
will resist attack by solution, they, or some part 0 
them, are very slightly soluble and cause trouble 
with the plating operation. A_ plating-shop 
operator is not expected to have any detailed 
knowledge of this, because the question lies with 
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either the foreman of the shop or the chemist to 
specify the lining of tanks for the various solutions 

uired, but it is desirable that the operator shall 
be aware that the tank must be lined with some 
inert material and that he should also remember 
when filling new tanks or those that have been out 
of use, the necessity of very thoroughly cleaning 
out the tank, and possibly soaking out the lining 
with dilute acid before the solution is made up. 

Alkaline solutions are often used in unlined 
steel tanks, in some cases, however, special linings 
may be employed. 

The plating tanks will usually be provided with 
five bars. If the lining of the tank is conducting, 
for example iron or lead, these bars must 
be insulated from the lining. They are usually 
fitted on small porcelain insulators and the 
operator should make certain that they are kept 
clean and not allowed to become encrusted with 
plating salt. It is usual to arrange the anodes on 
the outside bars and sometimes to have a central 
anode bar the work bars being usually arranged 
between two anode bars. This arrangement, 
however, will vary for. special purposes. 

A vat will usually require some method of con- 
trolling the temperature, most plating solutions 
being worked warm. The operator should be 
familiar with the various methods of doing this. 
Unlined steel tanks may, of course, be- directly 
heated with gas burners; lined tanks are sometimes 
heated by means of water jackets, sometimes by 
electrical immersion heaters, or by steam pipes, if 
steam is available. The operator will see a number 
of these devices in use in the plating shop in which 
he works and should make himself familiar with 
their maintenance and control. In nearly every 
plating operation the control of temperature is 
important, and an operator working on a tank 
must, therefore, be familiar with the methods 
employed. In some cases thermostats are fitted 
but these may require cleaning and maintenance 
and although in many shops this will be done by a 
maintenance engineer, the operator should be 
aware of the arrangements and should satisfy 
himself that the apparatus is working satisfactorily 
and be in a position to report it if for any reason 
it fails. Temperatures should be checked by means 
of a thermometer from time to time. 

Many plating vats are fitted with a pump and 
filter. arranged to keep the solution continually 
clear of suspended matter. In the majority of 
cases the pump will be arranged to suck the 
solution from the bottom of the vat and return it 
through a suitable filter to the top. In some cases 
the return may be above solution level so that this 
can be seen by the operator, but in many cases 
this is not convenient and the return tube may dip 
below the solution. A number of different types 
of pumps are used for plating solutions and it is 


not expected that the operator will have an 
intimate knowledge of their design. He should, 
of course, be aware that both pump and filter must 
be constructed of some material which will not be 
attacked by the solution, and if in the shop that he 
works there is a portable pump and filter, which 
may be used for different baths, he should satisfy 
himself that the apparatus is suitable before con- 
necting it to the vat which he may wish to filter. 
It is also necessary that any such apparatus must 
be thoroughly washed out before being used on 
another solution. It is insufficient merely to run 
some water through it; if a filter which has been 
used for example, on copper is to be used for a 
nickel solution, it is necessary that the whole plant 
should be dismantled and thoroughly washed out 
and then put back again, and the operator must be 
aware of the methods required to dismantle the 
plant in question. 

In addition to the plating vats, a number of 
other vats will be used for pickling and cleaning 
and also in many shops a certain number of 
plating barrels may be employed for plating small 
screws, etc. An operator is expected to know the 
general types of barrels employed and to be able 
to give a sketch of these with details as to their 
operation and maintenance. Such information he 
can usually obtain in the shop in which he works 
but some little time spent in the perusal of the 
catalogues and instruction books of various supply 
firms will not be wasted. An operator should also 
be able to give a sketch of details of the normal 
type of trichlorethylene degreasing plant; such a 
plant is installed in most plating shops and a short 
time spent in examining it will undoubtedly be 
worth while. There is a large number of other 
specialized plant employed from time to time, for 
example, fully automatic plant or special plant 
plating strips, rollers, etc. It is not expected that 
the plating shop operator will have any great 
knowledge of these, and it is unlikely that a 
candidate in the examination will be expected to 
describe them, except perhaps very briefly. 


6. Current Methods of Cleaning and Preparing 
Work 

The most important part of the plating cycle is 
undoubtedly the preliminary treatment that the 
article gets before it actually enters the plating vat. 
By far the larger number of plating-shop rejects 
occur because this treatment is not properly 
carried out, and since the satisfactory carrying out 
of the preliminary processes depends almost 
entirely on the operator, it is esscntial that he 
should be familiar with the correct methods, and 
also should develop a certain amount of skill in 
carrying them out. 

Articles made of different metals will require 
different treatments prior to plating and again 
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this treatment may require to be varied when the 
articles are to be plated with different metals. 
Before any surface can be satisfactorily coated 
with a metal by plating, it is essential that the 
surface shall be completely cleaned, that is to say, 
every trace of grease, dirt or oxide shall be re- 
moved from it. Objects which may appear clean 
in the ordinary sense normally have a very thin 
film of grease, and quite often oxide, on the 
surface and this film would be quite sufficient to 
prevent satisfactory deposition of another metal 
on to it. Not only this, but it should be remem- 
bered that even if a surface is completely clean if 
it is lightly touched with the hand, a very thin 
film of grease from the skin will be left on the 
surface. An operator must, therefore, remember 
that he must never touch or handle a cleaned 
object. Cleaning is usually done in several stages. 
Many articles come to the plating shop covered 
in grease or oil, or alternately contaminated with 
polishing composition. It is usual first to clean 
them in a trichlorethylene degreaser, or by means 
of a hot caustic boil or emulsion cleaner. They 
are then dried off and wired up after which they 
go through a final cleaning operation and if 
necessary, a light acid dip to remove oxide, etc. 
If the articles are rusty, they may require a heavy 
acid pickle to remove the rust. Steel will normally 
be handled in a different manner to brass or 
copper, and again zinc-base die castings and 
aluminium articles will require special treatment. 
The various methods of cleaning and preparation 
are given in text books on the subject and should 
be studied by the operator. He may, however, 
find himself somewhat lost in that different 
authorities will recommend different processes for 
preliminary treatment of the same article. In 
point of fact, many articles can be treated in more 
than one way and still produce satisfactory results. 
In an examination it is important that the operator 
shall describe a process which is capable of giving 
results and shall also be aware of the various 
technical details involved so that he knows how to 
work it. For instance, in dealing with zinc-base 
die castings, these articles are usually somewhat 
porous in nature and if they are left too long in 
the cleaning solution they absorb a certain 
amount of the solution which will cause blistering 
of the deposit after plating. An operator should 
be aware of this fact because the time that the 
articles remain in the various solutions is under 
his control and unless he realizes the effect of the 
solution on the article, he may leave it in too long 
and cause trouble. This is particularly important 
in the case mentioned, because the trouble may 
not be immediately apparent but will only show 
up when the article is out on service. An operator, 
therefore, is expected to know the effects of the 
processes he is employing. If an article cannot 
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be left too long in a solution, he should, whe well w 
describing the methods used for cleaning anj™ ment. 
preparation, state this fact. He should also beable @  availat 
to state any signs by which he may know whether make 
the process has been satisfactorily carried out; for | propo: 
example, a clean surface will hold a film of water, § or che 
whereas a greasy One will not and the water film In si 
will break into small bubbles. An operator is § _vat a! 
expected to be aware of this and to point this om § chemi 
when describing a cleaning process. Some general § a con: 
knowledge. of the chemicals used in cleaning js some | 
useful, and an operator may well be expected to § dissol 
know how to make up a solution suitable fo, @ chem! 
cleaning the commoner metals. He would noth @ pump 
expected, however, to have any great theoretical § maki 
knowledge of the mechanisms by which greaseand } it is u 
oxide, etc., are removed from the surface. Some § other 
little time, however, spent in ascertaining suitable Fin 
preparatory treatment for various metals and § anda 
making certain that he is familiar with a method §  dealir 
of carrying these processes out, will undoubtedly § neces 
be of value, not only to pass the examination but § this » 
in his ordinary day-to-day work. solut 
7. Methods of Working Out the Amount of ve 
Chemicals Required for Making-up Solutions cases 
From time to time an operator may be told to right 
make up a solution of certain composition ina § case, 
certain vat, and it is advisable that he should be giver 
able to work out the amounts of chemicals Af 
required, to weigh out and check the weights, and worl 
to have some idea of the methods required for B  cortg 
dissolving them satisfactorily. tion 
It is not difficult to work out the weight of §  ireay 
chemicals required to make a solution. In the Bouts 





first place the vat is measured, its length, breadth 























and height of the solution when made up to the iedg 
required height in the tank. These are best § trea: 
measured in feet if the tank is of any size. The up t 
three are then multiplied together to give the mat 
volume in cubic feet. In the case of small tanks 
they may be measured in inches and then divided 8. J 
by 1,728. A cubic foot is equal to 6} gal., so that 
the number of cubic feet of the vat is multiplied It 
by 6} and this will give the number of gallons. If of t 
the formula for the solution is given in oz. per cur 
gallon, it is then only necessary to multiply these met 
numbers by the number of oz. required to get the by! 
required amount of chemical concerned. If it is the 
given in grammes per litre, it is generally most ! 
convenient to convert it to oz. per gal by mult- for 
plying by the suitable conversion factor, which an 
can be obtained from any normal handbook*. flo 
When the amounts of chemicals have been in 
weighed out, these have to be dissolved. It is first op 
necessary to make certain that the water available he 
is suitable, for it is not advisable to use many deep we 
— fig 






* In American text books U.S. gallons are used. 1 U.S. gal. » 


1.2— 
1 Imperial gallon. 
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well waters or town supply water without treat- 
ment. Distilled water should be used where 
available, and in any case, the operator should 
make certain that whatever water supply he 
proposes to use has been approved by the foreman 
or chemist. 

In some cases the chemicals can be placed in the 
vat and the vat filled up with water and the 
chemicals allowed to dissolve, but this often takes 
a considerable time and in fact when making up 
some solutions it may be found that they will not 
dissolve at all. It is preferable to dissolve the 
chemicals separately in warm water and then to 
pump them through a filter into the vat. When 
making up acid solutions such as nickel, or copper, 
it is usual to dissolve the metal salt first and then 
other materials are dissolved separately and added. 

Finally, it will be necessary to test the solution 
and adjust the composition from analysis. When 
dealing with alkaline solutions, it is usually 
necessary to dissolve the alkaline material first, 
this is particularly so in the case of cyanide 
solutions, as many of the metal cyanides are 
insoluble in water and will only dissolve when the 
sodium cyanide has been first dissolved. In some 
cases, if the chemicals are not dissolved in the 
right order, trouble will be experienced. In these 
cases some note of the order of solution is generally 
given with the formula and should be adhered to. 

After dissolving all the chemicals, it is usual to 
work the solution for some little time and under 
certain circumstances it may need special purifica- 
tion treatment. The decision as to whether such 
treatment should be carried out is generally 
outside the scope of the operator and it is not 
expected that he should have any detailed know- 
ledge of this, but simply to be aware that such 
treatment may be required and that having made 
up the vat he should ask for instructions on this 
matter. 


8. Method of Working Out Times and Currents to 
Obtain Deposits, of Specified Thicknesses. 

It is desirable that the operator shall be aware 
of the methods used for working out the time and 
current required to obtain the given thickness of 
metal, and often when these are supplied to him 
by the foreman he should be in a position to check 
them and if necessary, query them. 

As mentioned above, a given current flowing 
for a given time will deposit a given weight of metal 
and the amount of metal deposited by one ampére 
flowing for one hour can be obtained from tables 
in the various text books and handbooks. An 
Operator is not expected to know these figures by 
heart and if in an examination he is required to 
work out the required times, etc., the necessary 
figures should be given him. 

These figures depend on Faraday’s Laws, which 


says that 96,000 coulombs* will deposit one 
equivalent weight of metal. An operator is not 
expected to know these Laws in detail but he 
should know of their existence and be aware that 
the weight of metal deposited is proportional to 
the amount of current and the time during which 
it flows, and is also proportional to the equivalent 
weight of the metal. 

The Law, however, assumes that the metal is 
being deposited at 100 per cent efficiency, that is 
to say, that nothing else but the metal is being 
deposited at that time. In many plating processes, 
however, this is not so, for example, in the normal 
chromium bath the efficiency is usually between 
10 and 15 per cent, that is to say, only about 
one-tenth of the metal is deposited that would be 
indicated by the theory, because the rest of the 
current is concerned with liberating hydrogen 
rather than depositing chromium. To work out, 
therefore, the time required to deposit a given 
thickness at a given current, it is necessary to 
know not only the amount of metal deposited by 
an amp.-hour, but also the efficiency at which the 
process is operating. Some indication of this may 
usually be obtained, also from the tables and the 
handbooks, but in some cases this will depend on 
the solution itself, and often has to be found in the 
first instance by actual tests on the vat. Assuming, 
however, that the efficiency is known, in many 
cases it will be nearly 100 per cent, then the first 
thing to do is to decide what current can be 
employed. Most solutions require to be worked 
at a given current density, that is to say, a certain 
number of ampéres per sq. ft. This current density 
is usually given to the operator by the foreman and 
in fact, is generally specified either in formula of 
the solution or in instructions issued in the case of 
proprietary solutions. The operator then will 
decide at what current density he is going to work 
his vat, and having assessed as accurately as he 
can the surface area of his load will decide on the 
number of ampéres which he will pass through it. 
He will then from the factor giving the weight 
deposited by an amp-hour, and from his know- 
ledge of the efficiency of his solution, determine 
the time to pass through the number of amp.-hours 
required to obtain the desired weight of metal on 
his objects. Normally, however, a specification 
will give not the weight of metal, but the thickness 
required and he must, therefore, be in a position 
to work out the required weight to obtain the 
desired thickness. Knowing the surface area of 
the object, he can multiply this by the thickness 
required which will give him the volume of his 
metal, and if this is worked out in cubic centi- 
metres, multiplying by the density which can be 
obtained from the tables, will give him the weight 
in grams. From this he can get the necessary time. 


* 1 Coulomb = | amp. for | second 
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In working out these factors it should be 
remembered that it is not necessary to work them 
out to great extremes of accuracy. Examination 
candidates often spend a considerable amount of 
time in working such figures out to several places 
of decimals. In point of fact, in practice, since 
many of the factors concerned, for example, the 
current efficiency and the exact surface area of the 
object, are often not known to any degree of 
accuracy, there is no point in working such 
quantities out to fractions of a minute. Normally, 
therefore, in such working it is usual to take an 
approximation so that the result gives the time 
required to within, say, five minutes and there is 
no point either in examination or in practice of 
working such times out to seconds. 


Example: 

How long will it take to deposit 0.001 in. of 
nickel on both sides of a steel disc 10 in. in 
diameter ? 

The area of the disc is 

mr2 X 2=3.14x 252 sq. in. 
=157 sq. in. 
=1.09 sq. ft. 

Volume of nickel =157 x 0.001 =0.157 cu. in. 

1 cu. in. of nickel weighs 5.08 oz. 

Weightofnickelrequired =5.08 x 0.157 =0.790z. 

3.80 oz. require 100 amp.-hr. 


so. 0.79 oz. requires, 


= 21 amp.-hr. 


The nickel solution in question may be worked 
at 20 amp. per sq. ft. and has an efficiency of 
practically 100 per cent, so at a current of 20 amp. 
the work will require | hr. and 3 min., i.e., approx. 
1 hour. 


9. General Knowledge of Various Processes 

The plating-shop operator should be aware of 
the various processes which may be used to obtain 
different types of finish on the articles with which 
he has to deal. Thus he will be expected to know 
the various metals and alloys which are normally 
dealt with in a production shop, for example, 
silver, copper, tin, lead, cadmium, zinc, etc. He 
will also be expected to have some idea of metal- 
finishing processes, and the various processes used 
for getting different surface finishes, for example, 
polishing, sandblasting, scratch-brushing, etc. 
Many of these processes may be employed in the 
shop in which he works and he should take every 
opportunity of familiarizing himself with them. 
Some little time also, will be well spent in reading 
up different processes in the various text books 
available. 

Apart from plating processes, he should also 
have some idea of other metal-finishing processes, 
for example, hot tinning, galvanizing, Sheradizing, 
Parkerizing, Coslatizing, etc. It is not expected 


that he will have any detailed knowledge of these, 
but he should at least know what they involve and 
for what purposes they are used. 


10. Methods of Diagnosing the Cause of Various 
Troubles 

This is perhaps one of the most important jobs 
that an operator has to do. A good operator 
watching a tank can often see a trouble developing 
before it causes rejects, and if he can do this and 
report it so that it may be rectified, he will savea 
considerable amount of rejects and lost time in the 
shop. The operator, therefore, should carefully 
watch the output from his vat and make himself 
familiar with those small signs which indicate that 
the.solution is not working correctly. 

The first essential is that he should get the 
earliest warning of any trouble developing. This 
will often take the form of a slight darkening of 
the deposit, particularly in low-current-density 
areas, although in some cases the deposit may 
look somewhat brighter and more shiny than 
usual. It is extremely difficult to put into words 
various appearances of articles coming from a 
plating tank, but the operator should be aware of 
what to look for and should be able to state how he 
would examine his articles to make sure that they 
were satisfactory. 

Normally an operator sensing trouble should 
report this directly to his foreman but it is ad- 
visable that he should also have some idea of how 
to diagnose the cause of the trouble. The ability 
to do this depends to a large extent on experience, 
but there are certain recognized methods of 
checking a solution which is not working satis- 
factorily. 

In the first place the physical conditions should 
be carefully checked, that is to say, the tem- 
perature, the current, agitation, and filtration. 
Also a check should be made to see that the work 
bars are well cleaned and good contacts are 
being made on to them. If all these conditions 
are correct, then it may usually be considered that 
the solution itself is at fault and it will be necessary 
to have this checked. The operator, however, 
from his experience, may be able to give a useful 
pointer as to the cause of the trouble. Most of 
the troubles experienced in plating solutions are 
due to contamination by various impurities, 
either from metals or organic substances which 
have entered the vat from various causes. The 
appearance of the deposit will often indicate 
which of these troubles is most probable. For 
example, if dark areas are noticed in the re 
entrant portion of articles being plated with bright 
nickel, it is usually an indication that the solution 
has become contaminated with copper or one of 
the other heavy metals. If a dull nickel solution 

(continued in page 122) 
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A Short Survey of Techniques 


in use for the 


ACID PICKLING OF 
IRON and STEEL 


By A. G. GARDNER, A.I.M. 


ICKLING may be defined as the chemical 
am of surface oxides from metal by 
immersion in acid solution. Surface oxides, 
commonly known as scale, are produced when 
iron or steel is heated. When the oxides are 
formed as a result of rolling of sheet or drawing 
of bar, they are known as mill scale. This varies 
with the conditions of production, thickness and 
composition, depending on the temperature 
attained; also on time of heating and the atmos- 
phere in which the heating is carried out. Another. 
type of surface oxidation is foundry scale, 
produced when mechanical operations, such as in 
foundry work, are performed on the heated metal. 
Foundry scale is usually easier to remove than 
mill scale, although the composition of both 
forms of oxidation is similar. 

Scale is generally considered to consist of 
layers of iron oxides. An outer layer contains the 
greatest amount of oxygen, an intermediate layer 
has a rather lower oxygen content and the layer in 
contact with the metal surface contains least 
oxygen of all. This structure arises because the 
various oxide layers are produced by atmospheric 
oxygen diffusing inwards from the surface and 
the outer layer consequently has the highest 
oxygen content. There seems no doubt that scale 
removal by acid is effected by the dissolving of the 
innermost oxide layer, thereby undermining the 
upper, less soluble oxide layers. In cases where 
very little of the innermost oxide layer is formed 
(at temperatures below 575°C), descaling is 
relatively difficult. 

The strength, temperature and type of acid 
depend on the material, the character of the scale 
and the surface desired. The main item of 
equipment is a container in which the acid and 
material to be pickled can be held for a reasonable 
time at the required temperature. Auxiliary 
equipment consists of temperature-control in- 
struments, mechanical agitators, cranes, etc. 


Procedure 


No standard formula can be given because of 
Variations in scale formation, composition and 
type of material, together with kind of surface 
desi However, the examples which follow 


should indicate the best procedure to follow in 
individual cases. 

Cleaning prior to pickling is important. All 
grease must be removed as this is insoluble in acid. 


Low-carbon Steel. 


Sulphuric acid of between 5 and 6 per cent 
concentration at about 65°C. is recommended 
where time and pickling capacity allow, although 
a somewhat higher concentration of between 7 and 
10 per cent is otherwise suggested. Where 
relatively low temperatures are employed the acid 
concentration should be raised to between 10 and 
15 per cent. Where the steel is being pickled 
before enamelling, galvanizing or tinning, pre- 
cautions should be taken to ensure a surface 
which is chemically clean. A slightly etched 
surface is often considered advantageous and is 
believed to promote greater adherance of coating. 
Restrainers or foaming agents (to be described 
later) should be used with care in such cases since 
they may leave a tightly adherent surface film. 

Hydrochloric acid is largely used by galvanizers 
because of the claim that it assists the adherence 
of the zinc and because it is more effective in the 
removal of smut from those steels which are prone 
to this effect. A pickle acid of about 14 per cent 
concentration is suggested at a temperature 
around 30°C. This temperature can be maintained 
by the heat of the chemical reactions. Allter- 
natively, two pickling baths can be used. The 
first is in 5 to 10 per cent sulphuric acid at about 
65°C. followed by a short dip in cold, concen- 
trated hydrochloric acid. When pickling sheets 
for galvanizing or tinning, as short a time as 
possible should elapse between pickling, rinsing 
and coating operations in order to avoid rusting 
and formation of salts from the pickling bath 
which become oxidized and difficult to remove if 
allowed to dry on the work. 

In the continuous production of sheet or strip 
steel, continuous pickling is usually adopted. A 
controlled rate of pickling is then obtained by 
varying the temperature or the acid content of the 
bath or both. Close supervision is necessary since 
the acid content is constantly changing. 

Mechanical agitation of the bath can be 
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recommended since it prevents gas pockets on the 
surface of the metal and maintains a uniform acid 
concentration and a more even rate of pickling. 


Pipe and tube pickling. 

High acid concentration is advisable (sulphuric 
acid approaching 20 per cent), since it is difficult 
to maintain a circulation of fresh acid through 
the bore of a tube. Occasional lifting and draining 
helps to overcome this difficulty, also jets of air 
or steam directing a current of pickling solution 
down the tubes. 


Heat-treated material. 

The scale formed on tempering is easiest to 
remove. Scale formed in normalizing is much 
more difficult since an electrolytic action tends to 
be set up which proceeds at the expense of clean 
metal resulting in pitting. Best results are obtained 
with a fresh bath of 8 to 10 per cent sulphuric 
acid . (with restrainer) at about 60°C. with 
mechanical agitation. Forging scale is also 
difficult to remove. As much of the scale as 
possible should be removed by mechanical means 
either before or during pickling 
as this decreases the pitting 
tendency. Pickling should be 
carried out in 8 to 15 per cent 
sulphuric acid at about 60°C. 

Stainless steels. 

The scale contains high per- 
centages of chromium oxide 
and is not readily attacked 
by sulphuric acid alone. The 


Fig. 2. — Wire-pickling plant con- 
structed in Keebush -acid-resistant 
plastic. Note the lip-type fume- 
extraction system and the pump 
circulation plant which creates 
agitation of the acid and reduces 
pickling time. 
[ Courtesy of the Kestner Evaporator 
and Engineering Co. Ltd. 


Fig. 1\—Machine for pickling smajj 
components constructed in Keebiush 
acid-resistant plastic. 
[ Courtesy of the Kestner Evaporator 
and Engineering Co, Lid. 
usual practice is to employ a 
mixture of 10 per cent sulphuric 
acid with between 2 and {0 
per cent of hydrochloric acid, 
Alternatively, 10 per cent sul. 
phuric acid and 10 per cent of 
common salt may be used, Ip 
the latter case the chemical 
reaction produces hydrochloric 
acid. Hydrochloric acid alone 
is sometimes used. In any 
case the pickling is followed 
by a bright dip in 5 to 9 
percent nitric acid. Dilute solutions of the latter 
are generally used warm and more concentrated 
solutions used cold to prevent attack of the 
acid tank. 
Thorough rinsing in hot water, sometimes with 
scrubbing is essential for best results. 


Equipment 


Early pickling tanks or boshes were made of 
wood, Yorkshire flagstone or slate. Later, lead- 
lined vessels were used in the case of sulphuric 
acid. 

The present practice includes the following 
arrangements :— 

Acid-resisting brick or tile-lined vessels: and 
ebonite-lined tanks, the latter finding application 
in the construction of continuous plant. In the 
case of acid-resisting brick containers, an inter- 
mediate acid-resisting bituminous or rubber layer 
separates the outer shell and inner acid-resisting 
brick or tile lining, to prevent acid permeating 
through the joining cement used. In the U.S.A. 
toughened glass tanks have been introduced. 
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Fig. 3. —Long strip-pickling plant. 
This is 90 ft. long, 4ft. wide and \} ft. 
deep. The entire construction is in 


Keebush acid-resistant plastic. 
[Courtesy of the Kestner Evaporator 
and Engineering Co. Lid. 


Farthenware containers may be 
ysed for small-scale operation 
at room temperature. 
A relatively new material 
with a synthetic resin base is 
known as Keebush. This is 
resistant to the chemical attack 
of most acids and corrosive 
reagents. Keebush is composed 
of synthetic resins compounded 
with chemically inert fillers, and 
is made in the required shape 
and form by a special moulding process. Some _ silica-sheathed electric immersion heaters as a 
examples of pickling equipment made in Keebush permanent or detachable fixture is very suitable. 
can be seen in the illustrations. Fig. | shows a Efforts have been directed in recent years to the 
machine for pickling of small components. The mechanical side. Installations have been intro- 
components are fed in at the acid-end of the duced for the continuous pickling of strip in 
unit, thence through the drum and pickled, then which the strip travels through a series of baths 
into the second drum and washed, from there while the acid is moved in a counter current 
into the third drum and neutralized. Fig. 2 direction. Spray pickling has been developed, in 
illustrates a wire-pickling plant. Pump circulation which metal strip roller fed, or other articles 
is fitted to create agitation of the acid in the mechanically conveyed, are subjected to acid and 
bath to reduce pickling time. The lip-type then water jetting in an enclosed chamber. The 
fume-extraction system removes the fumes latest mechanization is the treatment of heavy- 
horizontally from the surface of the liquor. gauge steel strip on revolving drums on which 
Finally, Fig. 3 depicts a long strip-pickling coils are automatically opened out and closed by 
unit. This is 90 ft. long, 4 ft. wide and the direction of rotation. 
1} ft. deep. The machine incorporates removable Figs. 4 and 5 show automatic pickling plants 
covers, together with an extraetion fan visible at manufactured by W. Canning and Co. Ltd. The 
the far end of the tank. The whole construction plant shown in Fig. 5 is installed at the Hendon 
isin Keebush. factory of Frigidaire Ltd. It is used for pickling 
The vessels should be constructed with a domestic refrigerator components prior to vitre- 
gradual sloping floor to a well, in order to ous enamelling. During a complete cycle, the 
facilitate syphoning of spent liquour and sludge. components are manually hitched on to the spec- 
Shop floors should be sloped to a central drain _ially constructed arms and removed at the same 
so that acid spills may be readily washed away point after pickling. This loading and unloading 
and the area kept free from pools and liquor. operation is the only manual work necessary. 
The heating of sulphuric-acid baths is usually _, Although there has been increasing mechaniza- 
carried out by means of either lead or Monel tion, the still bath continues to be used by many 
steam coils. Lead coils confine the steam pressure picklers with the assistance of a suitable travelling 
toa low limit, preferably not in excess of 10 Ib, hoist. Crates, cradles, chains or hooks are 
per sq. in. They should also be supported to ¢m™ployed for holding the work. > 
avoid excessive distortion. The positioning of Agitation saves time, metal and acid. Ait, 
heating coils is influenced by the nature of the Steam or mechanical movement of the tank or 
articles undergoing treatment, but they may, with charge may be used. ; 
advantage, be located at the side of the container Adequate ventilation should be provided and 
rather than on the bottom, to avoid loss of heat the ventilation equipment should be of acid-proof 
transfer by sludge formation settling in them and material. 
to facilitate removal of work accidentally dropped el . 
inthe bath, or cleaning of the vessel from sludge. Pickling Solutions 


For intermittent heating such as is required Acids generally used, in order of popularity, are 
for hydrochloric-acid baths, the application of sulphuric, hydrochloric, nitric and hydrofluoric. 
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Sulphuric acid is the cheapest and most commonly 
used. Hydrochloric is used for such applications 
as etching prior to galvanizing or tinning and 
sometimes for stainless steel. Nitric acid is used 
for pickling stainless steels and ocassionally to 
oxidize scaled surfaces to assist pickling. Hydro- 
fluoric acid is sometimes added to accelerate 
pickling and occasionally on its own for removing 
sand from castings. 

In practice, however, sulphuric and hydro- 
chloric acids are those in most general use for the 
pickling of iron and steel. The outstanding 
difference between the two acids is that hydro- 
chloric acid normally does not require external 
heating whereas sulphuric acid does. 

Other relative points of merit between sul- 
phuric and hydrochloric acids are as follows :— 

(1) Hydrochloric-acid installations are less 

costly than those of sulphuric acid, since the 
latter demands more robust containers in 
addition to heating equipment. 

(2) Hydrochloric acid has a greater capacity for 

dissolution of iron than sulphuric acid, 
and in consequence can be operated to a 
lower free-acid content. 

(3) Weight by weight 28° Twaddell hydrochloric 
acid can only dissolve just under half the 
quantity of iron oxide as that taken into 
solution by 140° Tw. sulphuric acid. 
Hydrochloric acid is more efficient than 
sulphuric acid for removing rust and ‘smut’. 
(5) Thorough water washing is not so necessary 
before tinning and galvanizing when hydro- 
chloric acid is used instead of sulphuric acid. 


(4 


— 


(6) Hydrochloric-acid pickle solutions are less 
hazardous to prepare than those of sulphuric 
acid. 

(7) Hydrochloric-acid fumes from the bath are 
more corrosive to surrounding steelwork 
than those of sulphuric acid. 

(8) Sulphuric acid can be recovered from spent 
acid whereas this is not the case with 
hydrochloric acid. 

(9) Recovery cycle processes with sulphuric acid 
result in constant operational conditions 
and neutralization becomes confined to wash 
liquors only. 

(10) Hydrochloric-acid baths, in general, are 
probably more economical for intermittent 
or one-shift working in view of the relatively 
high cost of heating sulphuric-acid solutions 
under similar conditions. 

Sulphuric acid is the usual pickle for descaling 
iron and steel, although cold dilute hydrochloric 
acid is preferred by some operators for pickling 
spot-welded sheet-steel articles, or other iron and 
steel parts that have but a thin film of oxide upon 
them. Hydrochloric acid is not recommended 
for the removal of heavy scale, but leaves a some- 
what cleaner surface than sulphuric acid on mild 
steel when little more than an acid dip is necessary, 

Sulphuric acid is usually purchased by the 
industry as B.O.V. (brown oil of vitriol) contain- 






La 
Fig. 4.— Automatic pickling Plant. 
Courtesy of W. Canning and Co. Ltd. 


Fig. 5.—Modern automatic pickling 
and cleaning plant for domestic 
refrigerator components. 

[Courtesy of W. Canning and Co. Ltd. 
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ing about 78 per cent acid, while hydrochloric 
acid is generally obtained at a strength of 28° Tw. 
(about 27.5 per cent acid). 

The rate of scale removal increases with con- 
centrations up to 20 per cent of sulphuric acid, 
but above this rapidly falls off. The average 
strength used for pickling is between 7 and 10 
per cent. Acid of this strength is prepared by 
carefully adding one volume of B.O.V. to 17 
volumes of water with continuous stirring. 

The stronger the hydrochloric-acid solution the 
more rapid the rate of pickling within reasonable 
limits. The concentrations employed in the trade 
vary considerably. Baths containing nearly 
20 per cent hydrochloric acid are encountered, 
but solutions of 5 per cent have been used. 
Generally a pickle liquor of approximately 14 per 
cent acid, made by diluting equal volumes of 
water and the commercial 28° Tw. acid is favoured. 

Speed of pickling is governed, however, more 
by temperature than concentration. Sulphuric 
acid gives reasonable rates above 60° C. but 70 
to 80° C. should not be exceeded otherwise fume 
and spray evolution becomes objectionable. 
Hydrochloric-acid solutions are only heated to the 
extent of initiating the chemical action: something 
just in excess of 20° C. Fume evolution becomes 
objectionable between 35 and 40° C. and the 
former temperature should not be exceeded. 

The acids are consumed during the solution of 
the scale and, to a lesser extent, by attack on the 
base metal. For this reason additions of free 
acid are made to retain the strength. However, 
dissolved iron in the form of salts has a restraining 
effect on the speed of pickling, reaching a limiting 
value of 80 gm. per litre in the case of sulphuric 
acid and 120 gm. per litre in the case of hydro- 
chloric acid: In consequence, no further intro- 
duction of made-up acid is made when these 
figures reach between 60 and 70 gm. per litre of 
iron when sulphuric acid is used and 100 gm. per 
litre of iron when hydrochloric acid is used. 
Beyond this stage‘ the baths are worked to 
exhaustion, that is until the rate of action is too 
slow to be economical. 


The Handling of Acid. 


Most of the acids used for pickling and dipping 
are corrosive and must be handled with care, 
particularly when in a concentrated condition. 
The operators should be-quipped with protective 
clothing, consisting of a suitable overall, apron, 
rubber gauntlets, and either rubber boots or 
clogs. A pair of goggles is useful for protecting 
the eyes against splashes when emptying carboys 
of strong acid into a vat, but are not required in 
the ordinary way of pickling. 

Stoneware jugs and funnels are suitable for 
handling all acids (except hydrofluoric, for which 





Fig. 6.—A carboy safety tipping stand in use. 
[ Courtesy of W. Canning and Co. Ltd. 


ebonite containers should be used) and graduated 
glass vessels may be used for measuring small 
quantities. 

A carboy safety tipping stand is very convenient 
(Fig. 6) and prevents accidents; alternatively, a 
syphon may be used for emptying the containers. 


Restrainers. 

Pickling restrainers or inhibitors are substances 
which may be added to an acid pickling bath to 
diminish the attack of the acid on the metal areas 
from which scale has been removed, without 
appreciably retarding the rate of scale or rust 
removal by acid and to diminish the severity of 
hydrogen embrittlement. 

A wide variety of substances have been recom- 
mended and used as inhibitors. They are organic 
compounds and originate from such sources as 
waste animal materials, waste sulphite cellulose 
liquor, sulphonation products of such materials 
as wood tar, coal tar, etc. There is now available 
a wide range of synthetic restrainers. These are 
so efficient that extremely small amounts are 
required. 


Advantages of restrainers: 
(1) Reduce metal loss. 
(2) Save pickling acid. 
(3) Prevent or minimize scrap losses resulting 
from overpickling. 
(4) Decrease blistering and hydrogen em- 
brittlement. 


Disadvantages: 
(1) Increased pickling time. 
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(2) Possibility of residual surface film which 
may interfere with subsequent operations. 
(3) Added cost of restrainer. 


Foaming Agents. 


These are frequently incorporated to blanket 
the surface of the acid solution with a layer to 
reduce the quantity of spray evolved. In addition, 
they conserve heat by preventing evaporation and 
reducing radiation losses. 


Bath Control. 


Once a bath has been operated and therefore 
contains iron, the simplest method of control is by 
simple analytical determination of the free acid and 
iron concentrations. Control in this manner 
assures efficient working and reduction in costs. 

The limiting concentrations as regards iron have 
already been given. The acid content should 
always be maintained above the practical mini- 
mum for the material being pickled. Acid addi- 
tions stould be made regularly and in small 
amounts so as to hold the bath uniform. The bath 
should be agitated when making acid additions 
to ensure thorough mixing. 


Washing and Neutralizing After Pickling. 

After pickling, the articles should be given a 
thorough rinse in water. The rinse water should 
be changed frequently so as to prevent a build-up 
of acid and iron salts washed off. Complete 
removal of the last trace of acid is difficult and 
if in addition the steel is to be protected from rust 
then an alkaline rinse is necessary. A solution of 
4 per cent caustic-soda + } per cent trisodium 
phosphate in hot water is effective. The alkalinity 
of the bath should be checked frequently and 
maintained by caustic-soda additions. 


Pickling Defects. 

Overpickling is characterized by porosity of the 
transverse surfaces and roughening of the whole 
surface, with discoloration and decrease in size 
and weight. Times of immersion should be 


carefully watched. Restrainers help prevent 
overpickling to a certain extent. 

Pitting is the most frequent and troublesome 
pickling defect and is due to electrolytic action, 
Pitting is characterized by a patchwork of pitted 
areas of irregular shapes. The electrolytic action 
is between the scaled areas and the cleaned steel, 
the pitting occuring only where scale is removed 
from small areas prior to pickling or at a very 
early stage in the process. The boundaries of the 
pitted areas are usually rather sharply defined or 
channelled. 

Blistering is troublesome on sheet and strip 
steel. The most likely cause is gaseous inclusions 
in the steel forming gas pockets just beneath the 
surface upon rolling. Hydrogen generated in the 
pickling operation penetrates these pockets and 
lifts the surface covering a blister. 

Hydrogen embrittlement is an effect which 
usually occurs when cold-rolling operations 
follow too soon after pickling. It is apparently 
due to hydrogen atoms penetrating into the surface 
structure of the steel. This type of embrittlement 
is not permanent and may be eliminated by ageing 
or more rapidly by soaking the steel in boiling 
water. Restrainers are valuable in minimizing the 
effect. 


Safety Measures. 

A plentiful supply of cold running water should 
be available for washing off any acid on the skin or 
clothing. To remove the last traces of acid from 
the skin, sodium bicarbonate or baking soda 
should be used, either dry or mixed with water. 
Ammonia can be used on clothing, but not on 
the skin. A doctor should be consulted for 
further treatment. 
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becomes bright and pitted, it is generally an 
indication that it has been contaminated with 
some organic material. A good operator, by 
watching the output of his tank, may often see 
signs of these troubles before they become 
sufficiently great to cause the rejection of the 
articles plated and may be able, by indicating the 
probable causes of the trouble to his foreman, to 
get the trouble rectified quickly and without loss. 

Troubles due to faulty preparation, for example, 


blistering and peeling of the deposit, may also bé 
recognized and the trouble located and rectified 
before a large amount of work has been spoiled. 

It is expected, therefore, that an operator will 
pay some attention to the work that he is plating 
and be in a position to describe the various faults 
that may occur, and to give some indication as to 
their probable causes, while, as before mentioned, 
this is a matter which is developed largely by 
experience; if an operator pays sufficient attention 
to his work, he will be able to develop this faculty 
and in doing so will become of very much greater 
value to his employer. 

(Series to be continued) 
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DEBURRING 
of Small Machined Components 


By J. H. 


BRYAN* 


In this paper, contributed to the 5th International Mechanical Engineering 
Congress, the author discusses the removal of fraze and burrs arising from 
machining operations on small components. Consideration is chiefly devoted 
to barrelling methods, but some mention is made of processing by hand. 


Introduction 


HE finishing of a metal part after it has been 

machined is often one of its most expensive 
manufacturing processes. This is due to the high 
cost of the manual labour required to remove 
fraze and burrs. To eliminate this and at the 
same time to maintain the high quality of finish 
accomplished by skilled craftsmen, various mech- 
anical and chemical processes have been evolved 
by engineers and chemists working as a team. 

In industry today the most widely-operated 
process is that of barrelling the articles in a rotat- 
ing drum with suitable media. 

The first systematic experiments in this sphere 
were carried out in Birmingham by an Englishman 
named Edmonds about the year 1885, and on these 
were based all future developments. In fact the 
particular type of barrel which he patented at that 
time is still in use today for certain types of articles. 
For many years the processes used were kept 
closely guarded secrets by the various trades 
concerned. In recent years, however, since about 
1930, a broader outlook has prevailed and co- 
operation between various specialists has resulted 
in the old rule-of-thumb methods being displaced 
by more scientific processes, as a result better 
finishes are being obtained at less cost, and many 
firms are enabled to install large barrelling plants 
in their machine shops operating in conjunction 
with their piecework schedules. 


Effects of Barrelling on the Component 


In order to differentiate between the various 
terms of barrelling it is necessary to realize that 
various processes are grouped into categories. 
For the purposes of this paper only deburring, or 
the removal of fraze or burrs after machining, will 
be considered. 

It is important to remember that with the hand 
method of filing or using emery sticks each article 
Was treated individually and only those parts of 
the surface requiring attention received treatment 
*W. Canning and Co. Ltd. 





while the remainder were left untouched. With 
barrelling, however, large quantities of articles 
are loaded into a container, or rotating drum, 
together with suitable media and processed as a 
mass. It necessarily follows that by this method, 
selectivity of processing any one part of an article 
is not possible except under special conditions, 
such as when selected parts have been protected or 
masked. This is not in general use owing to the 
time and cost involved in carrying out the masking 
or protective operation. In practice it will be 
found that corners or convex areas will be rounded 
fairly quickly and that concave or undercut areas 
take a longer time to become similarly treated. 
Articles with machine burrs on’ their outer sur- 
faces, therefore, lend themselves more easily to 
barrelling than those with internal or counter- 
bored holes. Often this latter type will produce a 
serious problem owing to the effect on the outer 
surface being too severe before satisfactory 
removal of the burr on the internal machined 
section has been achieved. Another point to 
consider is that part of an article having a screwed 
thread. Care must be taken not to damage the 
thread or remove too much material from its 
surface and so reduce it below tolerance limits. 

It will, in fact, be found at times that barrelling 
will not completely remove all the burrs over the 
whole article without affecting the machined 
limits of certain parts. This, however, does not 
mean it should be condemned. Barrelling costs 
are so low that the exclusion of only one or two 
manual operations will often pay for the initial 
outlay and running expenses of a barrel in a very 
short time. 

Types of Barrelling Equipment 

The question of the type and size of barrel to be 
used is one to which considerable attention should 
be given. It is somewhat difficult to lay down 
hard-and-fast rules on such a subject because it is 
most desirable that the particular articles to be 
processed shall be examined, the required quanti- 
ties for a stated period of time assessed, and the 
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process decided in order that a decision can be 
made as to the most suitable shape and size of 
barrel. ‘ 

In making a decision as to the shape and size 
of the barrel it should also be borne in mind that 
heavy impacts should not occur but that the 
contact between article and media should be of a 
sliding or rubbing action. As regards size of 
barrel, the quantities required per load will be 
the determining factor. Shape of barrel, however, 
presents a different problem. Movement and 
action of abrasive or media will be the determining 
factor. For deburring or cutting operations it 
will generally be found that barrels with small 
diameters are considerably less effective than those 
having a large diameter and allowing for the mass 
of media and work to press against each other 
and so assist the operation. Horizontal barrels 
of either hexagonal or octagonal shape will be 
found to be generally suitable except for very light 
articles such as small pressings or bearings. For 
such types an open-ended tilting barrel with 
adjustment to enable the angle of tilt to be varied 
to suit the particular operation will be more 
suitable. A further point to consider regarding 
the barrel is that it is not always economical or 
beneficial to results to install a barrel of very large 
size. The difficulties of handling large quantities 
of work will be described later in this paper. 


Media as Abrasives 


Barrelling media consist of the substance 
necessary to keep the workpieces apart and at the 
same time exercise pressure between the work- 
pieces so as to remove superfluous metal where 
necessary. Numerous substances are used for this 
purpose and differ according to the type of article 


Fig. \—Example of a typical mechanical finishing barrel. 
(Courtesy W. Canning and Co. Ltd.) 





and also the material from which it is many 
factured. 

Harder metals such as steel require a media 
which is coarser and harder than that used for 
softer metals such as brass, aluminium, ete, 
For some years abrasives such as emery in various 
grades were used for deburring steel articles and 
pumice or sand for non-ferrous or softer materials, 
There were, however, serious objections to this 
type of abrasive. Not only was emery, for instance, 
a dirty operation for the operator (often it was 
necessary for it to be mixed with oil and so forma 
sludge) but in all types of abrasive of this nature 
it was found necessary for further cleaning opera- 
tions to be included in order to remove the super- 
fluous abrasive from the article. Modern science 
has enabled new types of media to be placed on 
the market which obviate any necessity for ancil- 
lary operations other than the normal swilling 
with water. 

Experiments were carried out with a variety of 
stone chips and results showed that certain chips 
which had been pre-processed formed the ideal 
media to keep workpieces apart and prevent 
scratches. By incorporating with these stones a 
chemical compound mixed with water, forming a 
cutting solution, the removal of fraze or burrs has 
become easier and results show that the remaining 
surface of the article is less liable to damage. It 
should not be taken for granted that this method 
is suitable in all cases, and processing media has 
to be considered in relation to the article and the 
burr to be removed. 

The amount of media to be used is usually fixed 
at a ratio. of from 3 to 4 : 1 in relation to the 
volume of work to be processed. Here again, 
however, it is difficult to lay down specific ratios. 
Depending on the articles and the results required 
this ratio may vary from 2 : | to about 10 : |, 
but the figures given may be taken as a general 
guide. 

The use of suitable compounds is necessary for 
many reasons. Each particular problem has to be 
studied to ensure the correct effect is produced 
when combined with the chips used. The com- 
pound provides lubrication between the chips and 
work and forms the cutting power. For this 
reason most compounds are a blend of many 
ingredients prepared to meet a specific requitt 
ment. Lastly, the question of water as the wetting 
agent arises. In many countries or districts hard 
water is found to be in general use. Wherever 
possible the water supply in such circumstances 
should be treated with a softening agent prior to 
its use in the barrel. 


Loading and Pressure 


An important feature to be considered if sue 
cessful results are to be obtained is the corre 
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loading of the barrel. It has been stated that the 
media forms part of the load and as its ratio to the 
work is by volume it follows that the total load 
equals work plus media. The total load should 
never be less than 60 per cent of the barrel volume 
and preferably should be between 75 per cent and 
80 per cent of that volume. If the barrel is 
insufficiently loaded the movement of the work- 
pieces will be longer but the piece will hit hard 
against the barrel wall or other pieces and this 
impact will leave a damaging mark on the article. 
The heavier the workpiece the greater its velocity 
of movement and consequently the harder it will 
hit and the more damaging the pit-mark. 

A further consideration to be given to loading 
relates to the method of. placing the work and 
media into the barrel. Wherever possible it 
should be arranged for the work and media to be 
loaded into the barrel in alternate layers. This 
method not only assists the initial movement but 
is also a deterrent against damaging the articles. 

In conclusion it should be a rule on the part of 
every operator to check his barrel loads regularly. 
In this way he will determine how much of the 
media has been lost by spillage or disintegration. 
It must be constantly remembered that if the load 
ratio is allowed to shrink below its correct level 
the work will become damaged by impact and, 
further, will take longer to process. 


Barrel Speeds 


The speed at which the barrel should rotate will 
be determined by the shape and size of the work- 
piece, the type of media and the size of the barrel 
itself. Large workpieces should be rotated at a 
slower speed than small ones. Further, if the 
media is in the form of large-size pebbles or chips, 
then again a slow speed is advisable. 

The most economical method is, of course, 
to provide the barrel with a variable-speed gear 
which will enable it to cover a wide range of speeds. 
Generally speaking, for deburring operations the 
speeds will range between 15 and 40 r.p.m. 
according to the workpieces and size of barrel. 
As an instance, an 18-in. diameter barrel driven 
at 40 r.p.m. gives a peripheral speed of approxi- 
mately 190 ft. per minute, which would be suitable 
for small lightweight articles but too fast for heavy 
workpieces. With heavier articles it is safer to 
base the speed on a peripheral speed of approxi- 
mately 100 ft. per minute, which in the case of the 
18-in. diameter barrel described above would mean 
a rotation speed of approx. 21 r.p.m: The danger 
to be avoided is that of revolving the barrel at too 
fast a speed, causing centrifugal force to become 
greater than the forces active in the barrel, with 
the result that “‘pecking” and “hammering” of the 
articles takes place. 





Movement 


In discussing types of barrels earlier in this paper 


it was mentioned that movement and action of the 
media were determining factors as to the shape of 
barrel to be utilized. The movement of the work 
in the barrel is an important feature in obtaining 
successful results. 
horizontal barrel the parts being processed revolve 
in an orbit around the centre of the axis of the 
barrel, this orbit of travel is determined by the 
centrifugal force excited by the speed at which the 
barrel is operated. At the same time the parts are 
revolving around their own axis. 
easily be seen that the speed of the barrel should 
be so arranged as to keep the parts suspended 
within the orbit and under continuous action from 


It has been proved that in a 


Thus, it may 


the mass of the media. The conclusion to be 
formed, therefore, is that for successful results 
the work must be moved and turned over in 
suspense and not allowed too much movement 
which causes damage to the work. Causes of 
damage due to too much movement may be one 
of the following :— 
(a) The speed of the barrel is too high in 
relation to the load. 
(b) The total load is insufficient. 
(c) Too many workpieces in proportion to 
media. 
(d) The media are too large thus allowing the 
workpieces to move between media. 


The Deburring Operation 


The purpose of the deburring operation is to 
remove fraze left by machining or the removal of 
machine marks or lines. Having determined the 
type of barrel, media and ratio of work to same, 
the barrel is loaded and started up. It should be 
the duty of every operator to check his barrel after 
a few minutes’ running time to ensure that the 
correct conditions are taking place in the barrel 
for successful operation. Having satisfied himself 
on this point the time of commencement should 
be carefully recorded. If the unit is motor driven 
it is possible to insert a cut-out switch or process 
timer in the circuit so that the barrel will be stopped 
automatically after the prescribed operation time 
has been completed. In the case of parts having 
fine tolerances or threaded portions, it is advisable 
for the operator to examine the load at regular 
intervals during the operation to ensure damage 
is not taking place. It cannot be over emphasized 
that periodical examination is far better than trust- 
ing to luck or memory as a guide to the time factor. 
It would be a remarkable coincidence if all parts 
arrived from the machines with the exact same 
amount of burr or fraze, hence the necessity for 
care and observation. 

Certain articles will require special treatment 
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and it is sometimes necessary to try several 
methods and types of barrel before those most 
suitable are determined. 

The question of whether the article shall be 
barrelled by a wet process or dry process is a 
matter which will require consideration. In most 
cases it will be found that wet barrelling will be 
the better method as with dry barrelling there is 
often a tendency for the abrasive to leave scratches 
or comet marks on the article unless considerable 
care is taken. Below are described some of the 
methods in use for various types of material. 


Cast Iron 


This material can be barrelled in a mixture of 
30-40 grain corn emery and mineral oil. The 
mixture should have a viscosity equivalent to wet 
cement. With this method it is necessary for a 
number of ancillary operations to follow the 
deburring. The first will be a paraffin wash, 
then a hot solution or metal cleaner or degreaser 
and from this latter operation to hot and cold 
water swills and finally drying out. 


Hardened Steel 


This type of article can be barrelled in a mixture 
of alundum and trent sand. The mixture only 
requires to be slightly damped to avoid dust. 
Where large articles are involved or the fraze is 
heavy it may be necessary to mix rumbling stars 
or small plugs to assist the abrasive. After treat- 
ment the articles should be thoroughly washed in 
cold and hot water swills, then dried. 


Soft Steel Pressings 


These articles do not usually take so long as 
hardened steel and can be treated by a mixture of 
No. 30 pumice powder and water mixed to a 
viscosity equivalent to wet cement. Swill in cold 
and hot water rinses and dry out. 


Brass and Copper 


These metals, being softer than steel, do not 
usually require much time to remove fraze or 
tool marks. A mixture of fine granite chippings 
and water will usually be found suitable, followed 
by the usual cold and hot swills and drying out 
process. 


Zinc Diecastings and Aluminium 


With these materials a wood-lined steel barrel 
should be used with granite chippings and water to 
which has been added a wetting agent at a ratio 
of approximately 2 oz. per gallon. 

Swilling and drying of these articles should take 
place immediately after the deburring operation, 
otherwise oxides will form on the surface of the 
metal which may prove detrimental in later 
finishing operations such as plating. 


Pebble or Chip Method 


As previously stated, this method of deburring 
has come into practice within the last few years ag 
an alternative to the older methods described 
above. It is simple in operation but requires more 
care by the operator in maintaining the stipulated 
ratios and values of media and compound as laid 
down by the supply house. There are a number of 
different processes on the market of this type all 
having the same basic principles but differing o 
in the type of pebble or chip and ingredient of 
compound. 

Soft water is preferable to hard water for 
barrelling purposes, and where hard water only is 
available it should be treated by a softening agent, 


Unloading and Separation 


After completion of the operation comes the 
question of unloading the barrel and separating 
the workpieces from the media. For this purpose 
it will be found that a double tier tray will prove 
most suitable. The upper tray is mounted on 
angles or runners fitted inside the lower tray ata 
suitable height. This upper tray has a base 
constructed of a suitable mesh to allow either the 
work or media to remain on the upper tray while 
the residue falls to the lower tray. For large or 
heavy articles it is advisable to leave the work- 
pieces on the upper tray and allow the media to 
fall through into the lower. With small articles, 
however, it will be necessary for a careful check 
to be made to see that the mesh will allow the 
media to pass through to the lower tray and at the 
same time retain the workpieces on the upper 
tray. It will be readily accepted that it is better 
for the workpieces to remain on the mesh tray 
in order that they can be easily and quickly 
removed for swilling. Further, as there is a greater 
proportion of media than work the lifting load 
required is not so heavy when this method is used. 
The upper tray should be fitted with lifting handles 
which are so arranged as to swing into a horizon- 
tal position during the unloading. We now come 
to the lower tray, which will carry both media and 
liquid solution in the case of wet barrelling. In 
most cases where water is used and mixed with a 
compound to form a solution it is not advisable 
to retain this solution for a second load as it will 
have served its useful purpose as a cutting agent. 
In such cases it is a good idea to have a number of 
small holes drilled in one end of the tray to allow 
the solution to drain away while the media is 
retained in the tray itself. Where media such as 
emery and oil is used, however, it is necessary 
to retain both liquid and emery for further use. 

Immediately the barrel has been unloaded into 
the trays the workpieces should be thoroughly 
swilled and dried to avoid staining. 
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Drying 

For many years the use of sawdust heated in a 
barrel was the recognized method of carrying out 
this operation. Modern engineering, however, 
has produced cleaner and easier methods such as 
heated ovens with conveyors for processing the 
articles through the oven for definite time cycles. 
The most practical method today, however, is the 
centrifugal dryer. This type of drying unit is 
particularly suited to articles where residual 
sawdust would prevent their functioning properly 
when in service. Most dryers of this type are 
electrically heated and are recommended where 
metals have a tendency to tarnish or cause “‘dry- 
ing-out” stains. Centrifugal drying; however, 
is not to be recommended for thimble or cup- 
shaped articles, as with this type of component 
any water left in the part facing inwards will 
collect at the bottom of the article under the 
centrifugal force and not be expelled. With such 
articles it is recommended that the machine should 
be stopped and restarted once or twice so that the 
articles will fall to the bottom of the container 
while stationary and reorientate themselves when 
the machine is restarted. An important feature 
in the design of dryers of this type is that they 
should be arranged so that the operator cannot 
open the lid and gain access to the container 
while it is in the running position. 


Precautions 


An endeavour has been made in the previous 
sections to draw attention to the precautions 
necessary for each operation. There are, how- 
ever, Some points which are special to particular 
abrasives or types of barrel. For instance, where 
a closed type of barrel is being used with abra- 
sives for a long period, gas may be generated and a 
rise in temperature inside the barrel is developed. 
If the barrel is not fitted with a safety vent or 
release valve, the lid should be loosened occasion- 
ally during the operation to release the gas. In 
such cases it is advisable for caution to be observed 
when removing the lid for emptying at the end of 
the operation. 

One of the most important precautions to be 
taken is that of cleanliness. Barrels should be 
thoroughly swilled and cleaned after each loading. 
Similarly, the media must be kept free from foreign 
matter which may have a disturbing result on the 
Operation and in all probability on the article 
being barrelled. Care should be taken in the 
maintenance of the media especially when it takes 
the form of chips or pebbles. Individual chips 
or pebbles will gradually become smaller during 
processing. It is, therefore, important that the 
size of these is checked from time to time to avoid 
lodging in holes or slots. The undesirable smaller 


chips or pebbles can invariably be utilized in 
other operations. A further point in this direction 
which has already been referred to is to ensure that 
the mass is made up to overcome the loss by wear. 
Examination of the part to be processed prior to 
commencing barrelling and making a decision 
as to its suitability for such a process is most 
important. Care should be taken to ensure that 
the barrelling operation will not damage or 
remove material from a vital section to such an 
extent as to scrap it. 


Limitations 


The removal of fraze or tool marks by barrelling 
like most industrial processes, has its limitations. 
It does not in all instances produce a finish equal 
or comparable to that produced by manual means. 
Heavy burrs or even light burrs in inaccessible 
locations will-only be removed with difficulty and 
at times to the detriment of the remainder of the 
article. It is desirable for the toolmaker and the 
machine-shop superintendent to remember that 
barrelling is not an antidote for bad tools or bad 
machining. The less fraze to be removed by this 
method the less the danger of tolerances on other 
parts of the component being interfered with. 


Methods other than Barrelling 


Let us now consider what is to happen if an 
article is not suitable for deburring by means of 
barrelling. It is obvious that it will have to be 
treated by a hand process. which means either the 
use of a polishing motor with emery-dressed 
wheels or bobs, or alternatively an idler back- 
stand unit fitted with abrasive bands. 

By either of these methods it is necessary for 
each individual article to be treated separately 
so that the cost of the operation will be increased. 

Further, with emery dressed wheels or bobs 
the cost and time required for dressing has to be 
considered. 

In the case of the abrasive bands these are usu- 
ally purchased from supply houses ready for use in 
various grits and grades. 

Using emery dressed bobs or wheels simply 
requires a conventional polishing motor or lathe 
with one of the requisite size and type of bob or 
wheel suitably dressed. 

The type of equipment required for use with 
abrasive band polishing consists of a contact 
wheel mounted on a polishing motor with an 
abrasive belt passing over the wheel and over the 
backstand idler wheel mounted behind the 
machine. The work to be deburred is held against 
the belt as it passes over the contact wheel. 

The type of contact wheel to be used will vary 
according to the type of work. Usually contact 

(continued in page 134) 
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The Effeet of 


Very Small Additions of Aluminium on the 


Surface Oxidation Rate of Molten Zine’ 
By N. B. RUTHERFORD, | B.Sc., A.I.M. 


and R. W. THORLEY,}? B.Sc. 


(A Communication from the British Non-Ferrous Metals 


Research Association). 


Introduction 


N THE course of some work for the hot-dip 
Tehestsine industry, where small additions of 
aluminium are commonly made to the coating bath 
in order to improve the appearance and storing 
qualities of the galvanized ware, it was of interest 
to extend to much lower aluminium contents the 
experiments of Gebhardt(!) on the oxidation rate 
of zinc containing aluminium. 

Gebhardt had shown that the addition of as 
little as 0.01 per cent of aluminium to pure zinc 
(99.995 per cent) reduces the oxidation rate of 
tranquil melts to practically zero, and of air- 
agitated melts to a fraction of 1 per cent of the 
rates for melts free from aluminium. The tests 
were made at 500°C. and the times of exposure 
were up to 60 hr. for the tranquil melts and up to 
34 hr. for the agitated melts. 

Analyses made by the Research Association 
have shown the aluminium contents of general 
galvanizing baths to be commonly about 0.005 
per cent, and the following experiments were made 
to cover amounts of this order. 

Method 

Slices of small zinc-aluminium alloy ingots 
made from pure zinc (99.99-+-per cent) and pure 
aluminium (99.99-++per cent) were filed to fit 
3.8-cm. ‘square mild-steel trays coated with 
alumina (99 per cent pure). The trays with their 
contents were heated in a muffle furnace at 450°C. 
(a representative galvanizing temperature) for 
given times and then withdrawn and cooled in a 
dessicator. The extent of oxidation was measured 
by the increase in weight of the sample; weighings 
were accurate to 0.0002 gm. Spectrographic 
analysis showed that no contamination from the 
steel crucible occurred and that the aluminium 
content was unaffected by the oxidation treat- 
ment; the method of analysis was sensitive to 
less than 0.0003 per cent aluminium or 0.005 per 


* B.N.F.M.R.A. Report R.R.A. 1045 P. ie - experiments recorded in 
this paper are taken from report R.R.A. 

+ mony 4A Liaison Officer, BNEMRA, _ Ne now at Cam 
Gears Ltd., Luton. 

t Formerly “Bursar, B.N.F.M.R.A., London, now at McKechnie 
Bros. Ltd., Birmingham. 





cent iron. Measurements with immersed thermo 
couples showed that specimens reached the furnace 
temperature in about 40 minutes and were then 
maintained within +34°C. of the nominal 
oxidation temperature. 


TABLE I. 


Increase in Weight of Zinc and Zinc-Aluminium Alloys afier 
Heating in Tranquil Air at 450°C. for Various Periods, 
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Results and Discussion 


After oxidation the samples free from alumin- 
ium were dull and covered with a rough layer of 
oxide but the samples containing aluminium 


Fig. 1.—Appearance of zinc free from aluminium (left) and 
zinc containing 0.002 per cent aluminium (right) after heating 
in air at 450°C for 65} hr. 
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remained bright and were covered only with a 
thin oxide film which cracked during cooling 
(Fig. 1). This was true of the alloy with the lowest 
aluminium content (0.002 per cent) and larger 
aluminium contents had no additional effect. 

Effects parallel to the above were shown by the 
changes in weight of the specimens, which are 
given in Table I: the weight of the pure zinc 
samples increased during the period of exposure 
whereas the weights of all the specimens containing 
aluminium remained substantially constant or 
even decreased, presumably through evaporation 
of zinc during the heating period. 

When the oxide film formed is continuous, it is 
a requirement for progressive oxidation that both 
metal ions and electrons should be able to diffuse 
through the oxide layer. Both aluminium and 
zinc form continuous surface oxide films, but 
alumina has a low electronic conductivity, while 
zinc-oxide layers form with imperfect lattices 
which allow relatively high rates of electron 
movement. For solutions of aluminium in zinc 
at the temperatures and concentrations of the 
experiments, and under equilibrium conditions, 
itcan be shown thermodynamically that alumina 
forms in preference to zinc oxide (see Appendix). 
Therefore, it is not surprising, theoretically, that 
these small amounts of aluminium are so effective 
in preventing progressive oxidation. 

Theoretically, it is likely that aluminium 
contents many times smaller than those used in the 
present tests will markedly reduce oxidation rates, 
for it is possible for trivalent aluminium ions to 
diffuse into vacant sites in the divalent zinc- 
oxygen ion lattice and effectively block the passage 
of electrons. 

However, examination by electron diffraction 
of the surface films on some of the specimens 
when cold showed the film on the pure zinc to 
consist of zinc oxide and that on the specimens 
containing 0.002 or 0.02 ‘per cent aluminium to 
consist not only of alumina, but also of zinc 
oxide. (Evidence for the presence of alumina was 
not conclusive, it apparently being present largely 
in the amorphous form, the form in which it would 
most likely occur at 450°C. and in which it is 
most protective.) This result confirms that from 
earlier X-ray examination of some films withdrawn 
on wire loops from the surfaces of experimental 
galvanizing baths at 450°C. In this examination, 
too, only zinc oxide was found in films from baths 
free from aluminium, but both zinc oxide and 
alumina were found in films from baths containing 
0.11 per cent aluminium, a dense background on 
the negative suggesting the presence of amorphous 
material, assumed to be alumina.(?) 

It may be that the zinc oxide appears on the 
baths containing aluminium because the rate of 
diffusion of aluminium through the bath is 


inadequate to form a continuous film quickly 
enough to prevent odixation of some of the zinc, 
though some measurements of the diffusion of 
aluminium in industrial galvanizing baths suggest 
the rate is not exceptionally low.(3) 


Acknowledgements 


The authors’ thanks are due to the Director and 
Council of the British Non-Ferrous Metals 
Research Association for permission to publish, 
and to Mr. K. Marsh for the electron diffraction 
examination. 


APPENDIX 


Preferential Oxidation of Aluminium Present in 
Small Amounts in Molten Zinc 


Osborn(4) gives the following free energy 
changes at 450°C. :— 


4/3 Al + O2 > 2/3 Al,0; AG° = —232 Keal. 
2Zn + O, +2 ZnO AG®° = -132 Keal. 


It is evident, therefore, for a system Al-Zn-O 
at this temperature and | atmosphere pressure and 
in which the activities of the aluminium and the 
zinc are each unity, that alumina would form in 
preference to zinc oxide. 

However, the activity of aluminium in solution 
in zinc will be less than unity. For the small 
amounts of aluminium under consideration 
Raoult’s law will hold and the activity may there- 
fore be taken as equal to the mole fraction of 
aluminium. An aluminium content of 0.002 per 
cent by wt. is equivalent to a molar fraction of 
(0.002 x 63/27)/100 = 0.000048. 

The free energy change for the solution of 
aluminium corresponding to the change from 
aluminium of unit activity to aluminium with an 
activity of 0.000048 is calculated thus:— 


Al + (Al) (in solution) %4, = K 


a4 


=44;, = 0.000048 
AG° =-RT InK 
= -1.986 x 723 x 2.303 lg 0.000048 cal. 
= 14.3 Kcal. 
Therefore, for the reaction:— 
4/3 (Al) + O2 + 2/3 A1,03, 
AG® = -232 + 19 = -213 Kcal. 


Evidently the tendency for the formation of 
alumina in preference to zinc oxide remains, even 
when the aluminium is dissolved in zinc and is 
present only in very small amounts of corres- 
pondingly low activity. 
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Some Notes on the KLECTRODEPOSITION 
of NICKEL 


and COBALT 
Alloyed with Phosphorus 


HE method for producing electrodeposits of 
cobalt or nickel alloyed with as much as 
1Sper cent of phosphorus, recently reported by 
Brenner, Couch, and Williams of the U.S. 
National Bureau of Standards, givescoatings which 
are more easily deposited than chromium and 
which are very hard, corrosion-resistant, and 
bright. They should thus be of value for many 
of the applications in which chromium plate 
is now used to obtain a hard, wear-resistant surface 
or a decorative finish. 

Solutions for depositing the phosphorus 
alloys are simple to prepare, consisting of common 
nickel or cobalt salts such as the sulphate or 
chloride, to which is added phosphorous acid as a 
source of phosphorus in the deposit. The baths 
are operated at a low pH—between 0.5 and 1.5 
depending on the composition. To maintain the 
desired acidity in the cathode film, the solution 
must be buffered. The Bureau has found that 
phosphoric acid is one of the best chemicals for 
this purpose. The plating baths are kept at 75°C. 
or above because at room temperature the cathode- 
current efficiency is very low and the deposits are 
weak. Current densities should be between 5 and 
40 amp. per sq. dm. At the usual current density— 
about 10 amp. per sq. dm.—the rate of deposition 
is fairly high, amounting to a few thousandths of 
an inch an hour. 

The appearance of the deposits depends upon 
their phosphorus content. Alloys with less than 
2 per cent of phosphorus are usually smooth with 
a matt finish; but as the percentage of phosphorus 
increases, they become brighter, reaching a peak 
of brightness at a phosphorus content of about 
10 per cent. When such deposits are plated on a 
dull surface, they exhibit considerable smoothing 
action, increasing in brightness as they become 
thicker. Asa result of the slightly dark cast of the 
high-phosphorus alloys, their reflectivity is 45 to 


By MICHAEL LORANT 


50 per cent, as compared with about 60 per cent | 
for buffed nickel coatings. 

When some of the phosphorus alloys are im 
mersed momentarily in a solution of an oxidizing 
agent, such as ferric chloride, or made anodic in 
the plating bath, a jet-black film is formed on the 
surface of the metal. This film is hard and adher 
ent and appears to have possibilities for decorative 
use. 

Photomicrographs of the low-phosphorus alloys 
show a columnar structure while the high 
phosphorus alloys are found to have a laminated 
or banded structure. X-ray diffraction patterns of 
the high-phosphorus alloys show no crystalline 
structure. When heat-treated, the deposits 
develop a fine-grained structure instead of the 
large crystals characteristic of pure nickel or 
cobalt. 

The hardness of the deposits as plated varies 
from 350 to 720 on the Vickers scale, increasing 
with phosphorus content. When the alloys are 
heat-treated at 400°C., they become much harder. 
For example, a heat-treated cobalt-phosphorus 
deposit containing about 10 per cent of phosphorus 
reaches a hardness of over 1,100 Vickers, which is 
greater than that of electrodeposited chromium. 
Deposits which have been heated as high as 800°C. 
and cooled are not appreciably softer than the 
initial deposit. However, the alloys have poor 


TABLE I 
Composition of typical plating bath for depositing alloys of phosphorus with cobalt or nickel. 





TYPE OF BATH* 


| 
| NiSO4.6H2O | NiCl2.6H20  H3P0,4(100%) 
(gm. per 1.) (gm. per 1.) 


H3P03(100%) | CoCl2.6H20 
(gm. per 1.) (gm. per 1.) (gm. per |.) 





Low-phosphorus nickel 175 


High-phosphorus nickel t 150 
Low-phosphorus cobalt 


High-phosphorus cobalt t ne 
| 





| 
50 50 1.3 | — 
| 
45 50 40 | 

— 50 1.3 


| 
‘a 50 40 
j | 








* It is very important that the pH of the bath listed be less than 1.0. 
+ The pH of the high-phosphorus bath should be raised to a value between 0.5 and 1.0 by adding nickel or cobalt 


carbonate. 
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Fig. 1.—Photomicrographs of alloys of phosphorus with cobalt and nickel electrodeposited by means of a technique 


recently developed at the U.S. National Bureau of Standards. 


The low-phosphorus alloys show a columnar structure while 


the structure of the high-phosphorus alloys is laminated or banded. — A, low-phosphorus nickel (2.3 per cent. phosphorus); 
B, low-phosphorus cobalt (2.2 per cent. phosphorus); C, high-phosphorus nickel (13 per cent. phosphorus); D, high-phosphorus 


cobalt (10 per cent. phosphorus). Magnification x 275. 


“hot hardness” and above a temperature of 600°C. 
are softer than unalloyed nickel or cobalt. 

Although the low-phosphorus alloys become 
ductile after heat treatment at 800°C., deposits 
containing more than | per cent of phosphorus 
are generally brittle. Alloys with higher per- 
centages of phosphorus are highly resistant to 
corrosion and chemical attack, exceeding in this 
respect the pure metals. Thus, in experiments at 
the Bureau the nickel alloy with 10 to 14 per cent 
of phosphorus was attacked considerably less by 
hydrochloric acid than was pure nickel. 

The pleasing appearance, ease of deposition, 
hardness, and corrosion resistance of the new 
alloys suggest the possibility of a number of com- 
mercial applications. Their use is indicated for 
gauges, cylinder walls, piston rings, and other 
machine parts where resistance to wear is an 
important factor. In this connexion, the more 
rapid rate of deposition as compared with 


(reduced by 1/5 th in reproduction) 


chromium and the better throwing power of the 
plating bath should be of considerable advantage. 
Although the phosphorus alloys are not as white 
as bright nickel, the operation of the bath is much 
less critical than for proprietary bright nickel and 
does not require the addition of organic brighten- 
ing agents. 





Nickel Supplies 


[XN a written answer to a Parliamentary question, 
the President of the Board of Trade has said that 
in consultation with industry, consideration had 
been given to ways of helping to overcome the short- 
age of nickel, and steps were being taken which 
should reduce the expected shortage during 1955. 

He pointed out, however, that supplies of nickel 
were still unlikely to be sufficient to meet demand, 
and, while no doubt all concerned would do their 
utmost to increase them, it would be necessary to 
economize in the use of nickel for some time to come. 
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OUGH, wear- and corrosion-resistant 

ceramic-type coatings are now being built up 
on the surfaces of aluminium products at 
Sanford Process Co., Los Angeles, U.S.A. 

This new electrochemical process which is 
closely related to normal anodizing methods 
converts aluminium surfaces into relatively thick 
deposits of aluminium oxide. 

Materials to be coated are vapour de-greased 
or cleaned in an alkaline bath and then masked 
in areas that require no coatings by means of 
acid-resistant plastic tape and cellulose-acetate 
butyrate dip coatings. 

Next, the parts are mounted on metal racks 
so that they can be suspended in a stainless-steel 


Fig. 1. Pictured here is one of the larger stainless-steel 
tanks used to Sanfordize aluminium products. The electro- 
lyte in the tank is chilled by constantly circulating it through 
a refrigeration unit which can be seen in the upper centre 
section of the illustration. 





The Production of 
Ceramic-type Coatings 
on Aluminium Products 


Sanford Process 
described by T. A. Dickinson 


Fig. 2. Parts to be Sanfordized are washed in a hot 
cellulose acetate botyvate dip coating solution. 


tank which contains a mixture of mineral and 
organic acids.* The electrolyte is chilled to 
temperatures of 0 to 15°F. by circulating it 
through a refrigeration unit above or adjacent to 
the tank, so that its acid constituents will not 
attack the aluminium components. 

Then, with the parts anodic and the sides of 
the stainless-steel tank serving as a cathode, the 
parts are processed at 15 amp. per sq. ft. 

The function of the organic acid in the electro- 
lyte is to distribute current evenly and 10 
sequester metallic ions which are taken into the 


*The actual composition of the electrolyte is not revealed by 
the company who are willing, however, to issue licences for 
operation of the process. 
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solution by dissolution of aluminium. This 
makes it possible to obtain aluminium-oxide 
coatings of consistent hardness and uniform 
thicknesses. 

The lifespan of the electrolyte has not yet been 
determined, but it is known to be long enough 
to make the cost of the solution an unimportant 
item. For example, one solution in use at the 
present time has met daily production require- 
ments for more than eleven months without 
showing signs of exhaustion. 

Processing tanks in use at present are welded 
structures with capacities ranging from one 
gallon to 8,900 gallons. Substantially larger 
tanks could be satisfactorily utilized if parts 
dimensions or production requirements should 
make their construction desirable. 


Oxide coatings being built up by 
means of the new process have such 
uniform and such easily-controlled 
thicknesses that they have been 
applied in a number of circum- 
stances for the purpose of reclaiming 
Overmachined parts. Their thick- 
nesses are controlled simply by 
limiting the amount of time during 
which parts serve as anodes in the 
electrolyte. About 10 minutes of 
processing time will yieldan0.0005-in. 
coating, and 55 minutes an 0.006-in. 
coating. 

(continued in page 134) 


Fig. 3 (above). Aluminium racks used in 
Sanfordizing parts are immersed in a strip- 
ping solution prior to re-use. This is to 
remove coatings which would reduce electrical 
conductivity of the racks. 


Fig. 4 (left). Treated components are 
rinsed and then dried with compressed air. 


Fig. 5. (below). A typical batch of San- 
fordized aluminium parts. 
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Deburring of Small Machined Components 
(continued from page 127) 

wheels are of three types. First, Calico contact 
wheels which can be supplied in various densities. 
Soft density wheels being used where heavier radii 
are encountered and flats are to be avoided on 
rounded sections. Medium density wheels are 
used for contour work, more especially on the 
heavier metals. Hard-density wheels are generally 
used for flat surfaces but this type of wheel can be 
utilised for general purposes. The peripheral 
speed of calico type wheels will be between 6,000 
and 9,000 ft. per minute depending on the article 
to be deburred. 

The second type of contact wheel is the com- 
pressed canvas type which is also manufactured in 
varying densities. This type of wheel is normally 
used when the stock to be removed is heavier. 

The soft-density compressed type is normally 
run at a peripheral speed of 5,000 ft. per minute 
and is used on slightly curved surfaces and flat 
surfaces which have irregularities or hollows. 

The medium-density wheel, which is run at a 
peripheral speed of 7,000 to 8,000 ft. per minute, is 
mostly used on non-ferrous metals where the 
shape of the article possesses sufficient edges to 
have a dressing action on the abrasive of the belt. 

The hard-density wheel, which is also run at a 
peripheral speed of 7,000 to 8,000 ft. per minute, 
is used with flat surfaces where coarse grit belts are 
required to remove heavy stock. 

Usually, when the metal is not hardened, this 
type of wheel will give a faster cut than the softer 
wheel, but the softer wheel will naturally give a 
finer and better finish. 

It should be pointed out in all cases that a wheel 
which is too hard is apt to cause glazing of the 
band, especially when used on hard metals, and 
that ordinary polishing mops should never be 
used as contact wheels. 


Conclusions 

Most machined parts can be successfully 
treated either by barrelling or hand deburring if a 
careful study is made of the effect the operation 
will have on the remainder of the component. 

There are numerous details which can only be 
learned by constant use of the equipment and 
materials available: in other words—experience. 

In this paper it has only been possible to present 
a general picture of the problem showing both 
barrelling and hand methods, but a conference of 
designer, machine-shop superintendent and 


methods controller can often enable a component 
to be designed and machined in such a manner 
as to give considerable assistance to a problem 
such as deburring which for many years was con- 
sidered a job for some aged employee ready for 
retirement instead of being treated as it should be; 
that is, as a scientific operation. 


Production of Ceramic-type Coatings 
(continued from page 133) 

Where the coatings are to be used as a base 
for organic coatings following a processing cycle, 
the finished parts are merely rinsed in cold water 
and dried. Where the coatings are to be used 
alone, the finished parts are rinsed in cold water 
and then soaked in hot water for about an hour 
in order to minimize the porosity of the 
aluminium oxide. 

The colours of oxide coatings produced by 
means of the Sanford process depend on the 
compositions of aluminium alloys and the thick- 
nesses of their oxide layers. For instance: 

(a) A thin coating on 75S stock has an amber 
hue; heavier coatings have brown, black, and 
grey-black colours. 

(b) A thin coating on 61S stock has an amber 
hue; heavier coatings have light and dark black 
colours. 

(c) A thin coating on 24S stock has an amber 
hue; heavier coatings have light and dark blue 
colours. 

If necessary, ceramic materials with other 
colours and properties could be flame-sprayed 
over these aluminium oxide coatings because 
these have more than enough heat resistance to 
prevent easy damage to the parent article. 

Tests recently conducted by a government 
agency to determine the relative ability of 
Sanford coatings to prevent corrosion disclosed 
that they will withstand more than 13,000 hours 
under a salt spray. 

Gale Electronics Company of Los Angeles 
currently specifies the use of Sanford coatings 
on items like forms for coils. Besides having 
enough dielectric strength to insulate the 
aluminium parts against voltages of up to 4,000. 

Despite their extreme hardness, “ San- 
fordized” parts are not excessively brittle. In 
fact, as indicated by a series of fatigue tests, they 
usually have more mechanical strength than 
uncoated aluminium components. 

In a number of instances, the coated parts 
have been ground, lapped, and _ otherwise 
machined like hardened steel products where 
special details or dimensions were specified. 

Furthermore, whereas it is frequently difficult 
to build up satisfactory electroplated coatings in 
holes and other recessed areas (which may be 
relatively shallow) due to the poor “ throwing 
power” of certain electrolytes no such difficul- 
ties have been experienced in using the Sanford 
process. In point of fact, the internal surfaces 
of aluminium tubes up to ten feet in length and 
relatively small in diameter have been satis- 
factorily Sanfordized. 
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Meetings of ASTM Committees 


Preparation of 1955 Book of Standards 


eoetl-Twe of ASTM’s technical committees held approximately 
250 committee and sub-committee meetings at the Society’s annual 


Committee Week at the Netherland Plaza Hotel, 


Cincinnati, Ohio, 


from January 31 to February 4. Upwards of 1,000 technical men worked 
intensively during the five days of meetings, discussing and correlating 
the great amount of research upon which ASTM specifications and 
methods of test are based, and in putting into final shape new and 
revised tentatives and standards which the several committees will 
recommend to the Society for adoption at its Annual Meeting. 


A particularly large amount of 
work was done this year to enable 
as many standards, new tentatives 
and needed revisions as possible 
to be incorporated into the 1955 
edition of the triennial Book of 
Standards. 

Due to the increasing industrial 
importance of this seven-part, 
11,000-page volume, the ASTM 
Board of Directors has urged that 
every effort be made to have the 
volume ready as near the end of 
1955 as possible. 

Among the committees that met 
were several that dealt with subjects 
of metal finishing interest and some 
of their deliberations are reported here. 


Corrosion of Iron and Steel 

At meetings of committee A-5, 
three proposed tentatives, one of 
which has evoked considerable dis- 
cussion, have been approved by letter 
ballot of the committee and are being 
submitted to the Administrative Com- 
mittee on Standards. These proposals 
are:— 

Tentative Specifications for Zinc 
Coating (Hot Dip) on Assembled 
Steel Products; 

Recommended Practice for Safe- 
guarding Against Warpage and 
Distortion During Hot-Dip Gal- 
vanizing of Steel Assembles; and 

Recommended Practices and De- 
sign Suggestions for Providing 
Quality Zinc Coating (Hot Dip) on 
Assembled Products. 

The new hardware atmospheric 


exposure tests have been crystallized - 


as regards number and type of 
Specimens. The subcommittee in 
charge of this programme hopes to 
Procure the necessary specimens and 
Place them on exposure by the end of 


this year. The low-alloy steels will be 
exposed bare and with hot-dipped and 
sprayed zinc and aluminum coatings. 
These specimens will be in the form of 
flats, round rods, and bends galvanized 
after cold bending. Exposures will be 
made in New York City and Kuré 
Beach, N.C 

Anticipating the publication of the 
1955 Book of ASTM Standards, many 
actions were taken on.standards and 
tentatives. The standard Method of 
Test for Uniformity of Coating by the 
Preece Test (Copper Sulphate Dip) on 
Zinc-Coated (Galvanized) Iron or 
Steel Articles (A239) and the standard 
Recommended Practice for Safe- 
guarding Against Embrittlement of 
Hot Galvanized Structural Steel Pro- 
ducts and Procedure for Detecting 
Embrittlement (A143) were recom- 
mended for reapproval as standard. 


Corrosion of Non-ferrous Metals and 
Alloys 

Highlighting the Committee B-3 
meeting was the discussion of Sub- 
committee VI on Atmospheric Ex- 
posure which will summarize the 
results of 20-years’ exposure of various 
non-ferrous metals. The report will 
become a part of the 1955 Annual 
Report of the committee. 

Next year will see the termination 
of a programme designed to evaluate 
the relative corrosivity of the ASTM 
test sites. Some of the zinc and iron 
specimens in this test have been on 
exposure about eight years and the 
others have been used in a series of 
annual exposures. 

An extensive Symposium on Atmos- 
pheric Exposure will be held during 
the 1955 Annual Meeting in Atlantic 
City. Tentative papers include cor- 
rosion studies of copper, zinc, alumi- 
nium, nickel, lead and tin. 





Electrodeposited Metallic Coatings 

One of the most important develop- 
ments under consideration in Com- 
mittee B-8 is the crystallization of 
final plans for the Symposium on 
Properties and Performance of Electro- 
deposited Coatings to be held during 
the 1956 Spring Meeting in Buffalo. 
The Symposium will comprise eight 
papers including papers on exposure 
tests and results, thickness, lustre, salt 
spray tests, metal cleaning, conversion 
coatings, and the comparison of zinc 
and cadmium plated deposits. This 
Symposium will be repeated at ‘the 
ASTM National Meeting to be held 
in Los Angeles in September 1956. 

A special task group reported that 
the results of a survey do not indicate 
sufficient interest at the present time 
for the preparation of specifications 
for plating metals. A new task group 
has been appointed to write specifi- 
cations on nickel deposits produced by 
chemical reduction methods, better 
known as “electroless” nickel. 

Subcommittee II on Performance 
Tests is planning a “Fourth Program” 
on the corrosion resistance of various 
combinations of copper - nickel - 
chromium deposits on steel. Included 
in the study will be panels with and 
without strike platings of nickel and 
copper—both buffed and unbuffed. 
Varying thicknesses of chromium will 
also be considered. 

Work is in progress on thickness 
measurements of electrodeposits by 
the anodic solution method; also 
ductility measurements. Various 
stages of progress were reported by 
task groups considering Recommended 
Practices for the Preparation of and 
Plating on Lead and Lead Alloys, and 
on Malleable and Cast Iron, and a 
third group developing a recommended 
practice for cleaning of metals prior 
to electroplating. 

A note is to be added to the Recom- 
mended Practice for Chromium Plating 
on Steel for Engineering Use (B177) 
cautioning against the baking of 
chromium - plated steel parts to 
relieve hydrogen embrittlement. The 
cautionary note will point out that 
excessive baking results in the reduc- 
tion of fatigue strength. 


An exposure test of cadmium- 


treated electrodeposited specimens will 
be initiated in the near future with 
exposures at Kuré Beach, New York 
City, and The Rock Island Arsenal. 





‘NEW INCREASES IN 
MATERIAL PRICES 


Borax 


N increase of £1 10s. per ton in 

the price of borax and boric acid 
to be effective from April 1, 1955 has 
been announced by the producing 
companies. This increase reflects the 
substantial rise in ocean freight rates 
which are now over six times more 
than those prevailing immediately 
before the war. 

Until the effective date of the price 
increase normal supplies will be 
available to customers at current prices. 

Titanium Pigments 

It has been announced by British 
Titan Products Co. Ltd., that as from 
March 1, 1955 increases have been 
made in prices of B.T.P. Titanium 
Pigments. These increases have 
resulted from increases in costs of 
manufacture and of raw materials, and 
the new prices per ton for quantities 
over 10 tons are as follows:— 

Rutiox CR and HD £161, Anatase E, 
HR and Granular £141, Titanium 
White 70% £109, Titanium White 50% 
(Extra T) £90 10s., Titanium White 
25% (Standard T) £67 10s. Smaller 
quantities are at slightly higher rates. 


EARL MOUNTBATTEN 
TO OPEN THE BIF 


DMIRAL the Earl Mountbatten 

of Burma is to open the British 
Industries Fair at Olympia, London, 
on May 2. It will be the first official 
opening of the Fair in its 40 years’ 
history. It will also be one of Lord 
Mountbatten’s first engagements after 
taking up his appointment as First 
Sea Lord on April 19. 

He said, in accepting the invitation 
to open the Fair, “The British 
Industries Fair is one of our most 
effective operations in winning our 
battle for prosperity and security.” 

This year’s BIF is to be the first run 
wholly as a commercial undertaking. 
A company, British Industries Fair 
Ltd., took over control from the Board 
of Trade last year and will run the 
London section at Olympia. The 
Birmingham section, at Castle Brom- 
wich, continues to be managed by the 
city’s Chamber of Commerce. 
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TIN RESEARCH INSTITUTE 


Annual Report on Activities 


HE report recently issued on the 

work of the International Tin 
Research Council during 1954 con- 
tains evidence of considerable activity, 
particularly by the Headquarters and 
Laboratory personnel at the Tin 
Research Institute, Greenford, Middle- 
sex. Much of the work carried out is of 
direct interest and application to the 
metal-finishing industry, and relates to 
the application of tin and tin-alloy 
coatings, both by hot dipping and 
electrodeposition. The usual number 
of hot-tinning technical enquiries has 
been dealt with by the Institute during 
the year and the frequency of certain 
types of enquiry has led to the 
initiation of a more generalized study 
of the factors influencing the efficiency 
of molten flux covers and of the 
problem of removing iron and copper 
contamination from working tinning 
baths. 

The 75/25 tin-zinc alloy plating 
process developed by the Institute has 
been the subject of intensified interest 
in recent months and the issue of a 
M. of S. Specification (DTD 927) 
covering this coating should help to 
make it even more widely used. 

The 2/1 tin-nickel alloy plate, which 
possesses considerable tarnish resis- 
tance, is also gaining wider recognition 


and adoption for industrial use 
assisted by practical demonstrations 
of the plating process on a small-scale 
automatic plant devised and built a 
the Institute. On this equipment small 
brass thimbles are effectively coated 
inside and out, a striking illustration 
of the good throwing power of this 
solution. As a result of research on 
tin-nickel alloy anodes, one commer. 
cial plant has been working for many 
months with alloy anodes instead of 
the separate tin and nickel circuits 
previously recommended. 

Work has been continued on the 
search for alternative procedures for 
plating the tin-alloy coatings 
developed and in the search for new 
tin-alloy coatings having interesting 
properties. The deposition tin-cad- 
mium alloys from  stannate-cyanide 
solution has been investigated and the 
co-deposition of tin with small amounts 
of bismuth has been explored. 

Corrosion investigations and an 
improved alkaline chromate immersion 
process for eliminating sulphide stain- 
ing of tinplate are also referred to in 
the report, which gives a brief but 
comprehensive survey of the whole 
field in which tin and its alloys are 
finding application. 





U.S. Society Honours Dr. W. H. J. Vernon 


Shortly before leaving America to 
attend the Symposium of the Cor- 
rosion Group of the Society of Chemi- 
cal Industry in London from 30th 
March to Ist April, Mr. F. L. La Que 
was charged with a special commission 
by the National Association of 
Corrosion Engineers. This was to 
convey this year’s Whitney Award to 
Dr. W. H. J. Vernon, O.B.E., who 
recently retired from his post as head 
of the Corrosion Section of the 
Chemical Research Laboratory of the 
D.S.LR. 

The formal announcement of the 
award was made at the Association’s 


annual dinner at Chicago on 9th 
March, and Mr. La Que, who is vice- 
president and manager of the Develop- 
ment and Research Division of the 
International Nickel Co. Inc., will 
make the actual presentation on the 
occasion of delivering the Corrosion 
Group’s Spring Lecture for 1955 on 
the evening of Wednesday, 30th March 
at Church House, Westminster. 

The Whitney Award, presented 
annually by the N.A.C.E. for dis 
tinguished contributions to corrosion 
science, has only once previously come 
to this country, when Dr. U. R. Evans 
was the recipient in 1948. 








TECHNICAL AND INDUSTRIAL APPOINTMENTS 


Dr. W. A. Hayward, works manager 
of the Ruabon (Denbighshire) factory 
of Monsanto Chemicals, Ltd., has been 
appointed assistant to the managing 
director before assuming responsi- 
bilities as technical liaison officer of 
the company and Monsanto Chemicals 
(Australia) with the US organization, 
Monsanto Chemical Company. After 
visiting Australia and New Zealand 
he will establish his headquarters in 
St. Louis. His successor at Ruabon is 


Mr. E. V. Weekes, formerly area 
manager. 

Dr. H. R. Newman, medical officer 
at the Newport (Mon.) factory, has 
been appointed principal medical 
officer of the company. 

* ~ * 

The Ministry of Supply announces 
that Mr. C. J. Carter has been 
promoted to Deputy Chief Scientific 
Officer and has been appointed 
Director of Instrument Research and 
Development. ‘ 
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“YEARS OF EXPERIENCE” 


New Film of Modern U.S. Electroplating 
Equipment available in U.K. 


NEW film entitied “Years of 

Experience” has recently beén 
received from the U.S.A. by the 
Electro-Chemical Engineering Co. Ltd. 
It is a 16-mm. sound film which 
illustrates the most up-to-date types of 
automatic electro-plating equipment 
at present in use in the U.S.A., and 
shows details of construction and 
operation. It is presented by the 
Udylite Corporation of Detroit, 
Michigan. 

After a short introduction by Mr. 
Clyde Reeme, the president of the 
Udylite Corporation, photographs are 
shown of the first hydraulically 
operated plating machine ever to be 
made, which was manufactured in 
1938. The principles of modern 
automatic transfer mechanism are 
then demonstrated, and emphasis is 
laid on the extreme simplicity of 
design, resulting in trouble-free opera- 
tion. Next, examples of types of work- 
carrier are seen, followed by a sequence 
illustrating the method of manufacture 
of an automatic plating machine from 
the laying down of the base structure, 
to the shipment of the completely 
assembled machine from the works in 
one or two pieces. 


Shots are then seen of various pilot 
machines, which are manufactured to 
help in determining the best way of 
dealing’ with customers’ particular 
problems. The laboratories, where 


plating tests are carried out to deter- 
mine the process sequence, are also 
shown. 

Next, various types of automatic 
plating machines are seen in operation, 
Starting with the smallest size—the 
““Udymite”—a completely standar- 
dized, pneumatically-operated machine 
followed by the hydraulically-operated 
“Junior” and on to the larger sizes of 
equipment, which are specially de- 
signed to suit customers’ requirements. 

The method of automatically loading 
and unloading racks of work on to and 
from the machine is demonstrated, and 
independent timing of certain parts of 
the mechanism is shown. 
Numerous other types of plating 
equipment are then illustrated, ranging 
from small barrels to giant machines 
carrying a double row of work, and 
including rotary-type fully-automatic 
machines, overhead return - type 
straight - line equipments, and a 
machine with an exceptionally high 
frame for plating work on very long 
racks. 

The film, the running time of which 
is 22 minutes, may be borrowed, free 
of charge, by technical societies, 
schools, universities and industrial 
concerns interested in electro-plating. 
Applications should be made, at least 
14 days before the intended date of 
showing, to Electro - Chemical 
Engineering Co., Ltd., Netherby, 
Queens Road, Weybridge, Surrey. 





Changes of Address 


Fork several years Jenolite Ltd., 
anti-corrosion specialists and manu- 
facturers of industrial chemicals, have 
had their offices at Piazza Chambers, 
Covent Garden, W.C.2., and a 
member of departments operating at 
13-15 Rathbone Street, W.1. 

Now the expansion’ of the firm’s 
activities and the need for centralizing 
all activities has led to the acquisition 
and conversion of a large building at 
17 Rathbone Street which is to be the 
new home of Jenolite and its associated 
companies. With immediate effect the 
new address of Jenolite Ltd. is 13-17 
Rathbone Street, London, W.1. 
Telephone: MUSeum 5411. 

* 7” - 

Wilkinson Rubber Linatex Ltd., 
Camberley, Surrey, give notice of 
the following change of address of the 
company’s area engineer in Glasgow— 
Mr. W. Maitland, 66 Woodbank 
Crescent, Clarkston, Glasgow. Tele- 
phone: Busby 1819. 

e 7. _ 
The address of the London area 





1.C.l. PAINT CHIEF RETIRES 


Mr. H. W. G. Bidgood, joint 
managing director, Paints Division, 
Imperial Chemical Industries, Ltd., 
has retired after 35} years’ service. 

On the formation of Nobel Chemical 
Finishes, Ltd., he served successively 
as head of the Demonstration Centre 
at Chiswick, technical service manager, 
at Slough, industrial sales manager 
and general sales manager. He was 
appointed commercial director of 
Paints Division in 1943, and joint 
managing director in 1948. 

He was chairman of the Association 
of Cellulose Lacquer Manufacturers 
from 1934 to 1947, and president of 
the National Paint Federation in 1952. 





office of Birlec Ltd., makers of 
industrial furnaces, of Birmingham, 
is now Ediswan House, 155/161 
Charing Cross Road, W.C.1 (telephone 
GERrard 8660). The Newcastle-upon- 
Tyne office address is now c/o the 
British Thomson-Houston Co. Ltd., 
9 Higham Place, Newcastle, 1 (tele- 
phone: Newcastle 25040). 





TECHNICAL BOOKSHELF 
Jahrbuch der ee 


eet G.m.b.H. Berlin- 
runewald 


HE eleventh edition of this 

handbook is in many ways 
a remarkable achievement. The 
ground covered is very wide indeed 
and the various chapters are written 
by specialists in each particular 
field. This causes—as is not unusual 
with this type of publication—great 
divergencies in the treatment of the 
subject matter and in the quality of 
presentation. 

It would be remarkable if a 
reviewer could not find items in a 
book of this size with which he 
finds it difficult to agree. For 
instance, the section dealing with 
control of plating solutions contains 
some surprising recommendations; 
we do not think much of plant con- 
trol when boric acid content in a 
nickel bath is checked every three 
months or zinc content in bright 
zinc solution every eight weeks. The 
chapter dealing with cathode spatter- 
ing and vacuum deposition is purely 
theoretical and not always accurate 
—it is strange to read that a base 
lacquer must not contain “ highly 
volatile ” constituents. 

Most chapters are followed by 
up-to-date references and a con- 
siderable part of the book gives lists 
of new patents and publications. 

A number of tables includes not 
only reproduction of relevant 
German norm sheets but even gives 
a suggested norm for Greek 
lettering. 

While one cannot help admiring 
the very great endeavour to con- 
centrate as much information as 
possible into a limited space, it 
must be said that there are glaring 
omissions. The fairly comprehen- 
sive part on electroplating contains 
no reference to “ bright ” nickel and 
the section dealing with degreasing 
and cleaning makes -no mention of 
vapour degreasing. 

On the whole, this Year Book 
will be a useful help to people 
engaged in the finishing industry for 
quick reference and information in 
fields allied to those which the 
reader normally covers. W. Stein 








Meetings of the Month 


March 16 
Institute of Vitreous Enamellers 
(Northern Section). Annual General | 
Meeting followed by discussion on 
enamelling faults and problems at the 
Queen’s Hotel, Piccadilly, Manchester. 
7.30 p.m. 


March 18 

Institute of Metal Finishing (Midland 
Branch). Annual Smoking Concert at 
the White Horse Hotel, Congreve 
Street, Birmingham. 

Society of Chemical Industry (Cor- 
rosion Group). “Control of Corrosion 
in Boilers” by P. Hamer, at The 
University, Liverpool. 7.0 p.m. 


March 21 
Institute of Vitreous Enamellers | 
(Southern Section). ‘“‘Safety in Enamel- 
ling Shops,” by A. G. Palmer at the 


Howard Hotel, Norfolk Street, Lon- — 


don, W.C.2. 7.15 p.m. 

Institute of Metal Finishing (London 
Branch). ‘“Electrodeposition of Alu- 
minium,” by R. J. Heritage, at the 
Northampton Polytechnic, St. John 
Street, London, E.C.1. 6.15 p.m. 

Institute of Metals (Sheffield Local 
Section). ‘Protection of Steelworks 
from Atmospheric Corrosion,” by 
F. R. Himsworth, Ph.D., B.Sc., at the 
University, Sheffield. 7.30 p.m. 


March 22 
Institute of Metal Finishing (Organic 
Finishing Group). ‘Aircraft Finishes,” 
by J. B. T. Lewin, at Regent House, 
Colmore Row, Birmingham, 3. 6.30 
p.m. 


March 23 
Oil and Colour Chemists’ Association 
(London Branch). “‘Roller Milling with 
Some Mathematical Aspects,” by 
Charles Hummel, at the Royal Society 
of Tropical Medicine and Hygiene, 


Manson House, Portland Place, 
London, W.1. 7.0 p.m. 
March 25 


Institute of Metal Finishing (Sheffield 
and N.E. Branch). Paper by F. Wild, 
A.LM. at the Grand Hotel, Sheffield. 
6.30 p.m. 


March 29-30 
Institute of Metals. Annual General 
Meeting, and Presidential Address by 
Dr. Maurice Cook, at 4, Grosvenor 
Gardens, London, S.W.1. 


metal finishing journal 





march, 1955 


TRADE and TECHNICAL PUBLICATIONS 


Metal Cleaners: Five leaflets have 
been received from W. Canning and 
Co. Ltd., Great Hampton Street, 
Birmingham, 18, covering the range 
of cleaners developed by the company 
for the electroplating and metal- 
finishing industries. The cleaners are 
intended for the removal of grease or 
| oil left on surfaces after machining, 
stamping, pressing and polishing, and 
produce a chemically clean surface, 
suitable for electroplating or other 
| finishing processes, if used in the 

prescribed manner. The leaflets 

describe; “* Zonax,”” a general-purpose 
| hot cleaner for all metals, including 
|! light metals and zinc-base die-castings ; 

* Ferrax,”” a heavy-duty hot cleaner 

| for iron and steel; ‘‘Kleenax,” a cold 
electrolytic cleaner for non-ferrous 
metals, used after a_ preliminary 
degreasing; “* Klenewell,” a cold elec- 
trolytic cleaner for iron and steel; and 
“ Unimax,” a universal cleaner which 
can be used hot or cold, with or 
without current. 


Filters: Filters of all types, including 
electroplating solutions are manufac- 
tured by the Metafiltration Co. Ltd., 
Belgrave Road, Hounslow, Middlesex. 
|The Metafilter process consists in 
taking advantage of the filtration 





properties of fine - grained filter 
materials (Metasil) laid down on a 
substantial, undeformable substructure 
of Metafilter rings. The Metasil js 
mixed with some of the plating 
solution, poured into the filter, and 
further solution pumped thr 

Filtration continues until the back 
pressure becomes too high, when the 
bed is removed by a simple back 
flushing operation, and the process 
repeated. A feature of these filters is 
their small size. Full details are given in 
leaflets obtainable from the company, 


Barrel Finishing: The “Lacromatic” 
process is a method of precision barrel 
finishing developed around a series of 
chemical compounds in conjunction 
with a mineral oxide chip which 
approaches the diamond in hardness, 
The chips, which are marketed under 
the name “Lacron,” allow barrel 
finishing of all metals to the highest 
possible standard within a minimum 
of time. The various metals and alloys 
are finished by selection of chip size 
and a suitable “‘Lacron” compound. 
Full details of the process and the wide 
range of compounds and_ chips 
available are given in a comprehensive 
brochure obtainable from Lacrinoid 
Products Ltd., Gidea Park, Essex. 





March 30 
Society of Chemical Industry (Cor- 
rosion Group). Spring Lecture, 
“Attention to Corrosion in the U.S.A.” 
by F. L. LaQue, at Church House, 
Westminster, London, S.W.1. 6.30 
p.m. 
March 31 
Institute of Vitreous Enamellers 
(Midland Section). ‘Current Mill- 
room Practice,” by S. H. Ryder, and 
“High-density Grinding Balls—Time 
Saving in Industry,”” by G. Laugharne, 
at The Birmingham Exchange and 
Engineering Centre, Stephenson Place, 
Birmingham, 2. 


March 31—April 1 

Society of Chemical Industry (Cor- 
rosion Group). Symposium on “The 
Protection of Structural Steel’ at the 
Institution of Civil Engineers, Great 
George Street, London, S.W.1. 9.30 
a.m. each day. 

April 4 

Institute of Vitreous Enamellers 
(Southern Section). Annual General 
Meeting, followed by ‘The Establish- 
ment and Importance of Intermediate 
and Final Inspection’”’ by A. Biddulph, 
at the Howard Hotel, London, W.C.2. 
7.15 p.m. 
il 4—5S 
Chemical Industry 
( Symposium on 
“The Prevention of Atmospheric and 
Water Pollution in the Chemical 


the University of 
9.30 a.m. each day. 


Industry,” at 
London, W.C.1. 


April 5 
Institute of Metal Finishing (Midland 
Branch). “Bright Nickel Plating” by 
A. Smart, B.Sc., H. J. Boche and 
D. R. Newman, at the James Watt 
Memorial Institute, Gt. Charles Street, 
Birmingham, 3. 6.30 p.m. 


April 6 
Institute of Metal Finishing (Scottish 
Branch). Paper by E. A. Ollard, 
AR.CS., F.R.IC., F.L.M. ata 
Institution of Engineers and Ship- 
builders in Scotland, 39, Elmbank 
Crescent, Glasgow. 7 p.m. 


April 7 
Institute of Metal Finishing (N.W. 
Branch and Organic Finishing Group) 
“Problems of a Paint Shop Controller” 
by R. M. C. Logan at the Engineers 
Club, Manchester. 7.30 p.m. 


April 18 

Institute of Metal Finishing (London 
Branch and Organic Finishing Group). 
“Electrostatic Painting Processes” by 
R. Tilney, A.M.I.Mech.E. followed 
by film, at the Northampton Poly- 
technic, St. John Street, London, 
E.C.1. 6.15 p.m. 


April 21 

Institute of Vitreous Enamellers 
(Northern Section). 

Coatings” by B. Zick. 


‘*Heat-resistant 
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Latest Developments | 





PLANT, PROCESSES and EQUIPMENT 





Low-temperature and Mould-resistant Paints 


pee ATHEN Paints Ltd., 36, Great Queen 
Street, London, W.C.2, manufacture Pitan cold 
temperature resistant paint, which will withstand 
temperatures as low as —60°F. and yet remains 
flexible. This paint incorporates a special cold 
temperature resistant plasticiser and provides a sur- 
face which will withstand acid and alkali attack, and 
the destructive effects.of brine and ammonia. 

The company have also developed a chlorinated- 
rubber based mould-resistant paint. This has been 
achieved by incorporating a fungicide which will not 
cause embrittlement or other deterioration of the 
paint film. The main constituent is mercury, which is 
well known for its fungicidal properties in protective 
paints. This constituent is permanent and insoluble 
in water and, therefore, will not evaporate or leak or 
crystallize out of the film on exposure, and will remain 
effective for the service life of the paint. 

Apart from the fungicidal properties of the mercury, 
the use of chlorinated rubber as the paint’s base is 
highly suitable as, unlike linseed and vegetable oils, 
chlorinated rubber has no nutritive value for those 
fungi which fatten on oils. Chlorinated-rubber paints 
provide a relatively impermeable paint film, which is 
also an advantage as the presence of moisture in a 
paint film attracts mould formation. However, the 
paint film must not be too impermeable otherwise the 
toxic mercury compound cannot act. In the new paint 
the chlorinated-rubber film is opened sufficiently for 
the poisons to be effective, but not enough to affect 
appreciably the impermeability of the film. It is 
important to note that this fungicide in the final film is 
non-toxic except, of course, to fungi. 

Elimination of ‘‘Blushing”’ ‘and 
Lacquer Spraying 
FQUIPMENT which overcomes “blushing” and 

“blooming” after spraying of cellulose lacquers 
has been introduced ‘by the ECCO division of the 
Atlas Diese! Co. Ltd., Wembley (Fig. 1). 

It is accepted that the above two defects are caused 
by excessive moisture in the air depositing a film on the 
cellulose surfaces when the temperature of the shop is 
higher than that of the cellulose film, due to the chilling 
eflect of the compressed air. To overcome this the 
company have developed the LE 750 air heater and the 
FU30 paint pre-heater which can be used with ECCO 
30 or 303 spray guns. 

t air heater is an explosive-proof 750-watt 
electric heater through which the air from the com- 
pressor passes, emerging at a thermostatically con- 
trolled temperature which can be set between 86 and 
190°C. The air then Passes to the pre-heater which 


*‘Blooming’’ in 





Fig. 1.—Lacquer-spraying equipment. 


consists of a honeycombed air coil of compact design. 
The lacquer/paint fluid hose from the pressure con- 
tainer is connected to the bottom of the pre-heater and 
passes up a Straight passage-way to the fluid inlet at the 
gun itself. The air outlet of the pre-heater is connected 
to the air inlet of the spray gun and is equipped with a 
bleeder valve. Air temperature at the gun nozzle 
is 160 to 170° F. and the lacquer/paint temperature 
after circulation through the pre-heater alone is 90°F. 
After atomization at a point 3 or 4 in. away from the 
gun nozzle, the temperature is 110°F. 


Plating Rectifiers 


FRRCAUSE of the tendency in modern plating 
praetice to replace large rotary generator sets by 
separate rectifier units, The General Electric Co. Ltd., 
has developed new plating rectifiers which provide an 
efficient and cheap method of obtaining a unidirec- 
tional current from single- or three-phase a.c. mains. 
The efficiency is high, viz., 75 per cent as compared 
with about 60 per cent for a motor generator, and 
economy of power is obtained by use of an auto- 
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transformer in place of a resistance control. 

The new rectifier units consist of three main compo- 
nents, viz., the variable auto-transformer, a double- 
wound transformer and a full-wave bridge-connected 
selenium rectifier. The d.c. output is monitored by a 
moving-coil voltmeter and ammeter, and both trans- 
former and rectifier are oil-cooled. For special 
purposes such as chromium plating, three-phase units 
can be supplied in which the ripple of the output is less 
than 4 per cent. 

The smaller units are housed in one case but in the 
larger units, transformer, rectifier, and control gear are 
housed in separate units. 


Surface Roughness Scales 

,RUBEET and Co. Ltd., Chapel Street, Levens- 

hulme, Manchester, are manufacturing a range of 
surface roughness scales, which are designed to assess, 
by comparison, the roughness of machined components 
for example, by touch and sight. The manufacturers 
claim that the use of the finger nail and a lens together 
with these scales give results which are in the majority 
of cases as useful as those‘obtained from more com- 
plicated methods. All the specimens are produced to 
B.S.1134 : 1950 and they are available in a range from 
1 to 1,000 u-in. and in sets containing 10 to 30 scales. 


Corrosion-resistant Pumps 
ORROSION-RESISTANT “CH” and “CHV” 
pumps are products of the Pulsometer Engineering 

Co. Ltd., Reading. All parts of the pumps in contact 
with the liquid are constructed of suitable metals for 
the purpose, such as stainless steel, acid resisting 
bronze, austenitic cast iron and steel, or aluminium 
alloys. As these metals are expensive their weight is 
reduced to a minimum consistent with strength and 
rigidity which are increased by a cast-iron hood and a 
large diameter shaft well supported in external ball 
and roller bearings, specially protected from any 
contact with injurious chemicals, This is important 
because of the tendency of most chemically resistant 
metals to be prone to seizure and many deleterious 
chemicals have little or no lubricating properties. 

In the “CH” pump there is a single inlet impeller of 
the shrouded type, surrounded by a volute casing, but 
in the “CHV” pump, which will handle products 
containing fine solids in suspension, or fibrous matter, 
an open type of impeller is embodied with renewable 
side plates rigidly fixed to the casing. These plates are 
adjusted as required to give proper axial alignment 
to take up as required any wear if the liquid is abrasive, 
maintaining the correct clearance and ensuring also 
that there is little or no pressure on the gland. The 
casing has an axial suction facing, studded to take 
British standard pipe connections, whilst the delivery 
branch is tangential flanged and drilled and provided 
also with a connection for a gauge. 

Careful design of the impeller reduces the pressure 
on the stuffing box to a minimum, so that little or no 
leakage takes place, while in addition a deep stuffing 
box is fitted having a double gland and double lantern 
bush. 

In the ordinary standard construction the shaft is 
made of a similar material to the pump parts while 
protection also is given to the bearing against the 


entry of liquid from the gland by a combined 
thrower and labyrinth seal which is fed with gp 
from the bearings, each of which are provided 
grease nipples. 


Fig. 2.—Hydi 0 ‘ 
Dust Collector, 


Hydrostatic dust collector 
A NEW type of dust collector manufactured 
Dallow Lambert and Co. Ltd., Spalding Str 


Leicester, has been added to the present range of pate 


Multiswirl models. Previously available in the M 
series and applied in the main as an individual 
for fettling booths, double end polishers and grind 
the new series ME is available to handle large volu 


of air and heavy dust concentrations. This new sé 


employing the Dallow Lambert patent hydro-st 
cross-tube element, scrubs dust-laden air in either v 
or oil. 
attains a very high separation efficiency; it is 
compact, bears a high air volume to cost and sp 


ratio, and operates without either pumps or spraj 


It is eminently suitable for the chemical trade in 
widest applications, all types of explosive d 
foundry work sanding operations, etc., special sali 


features being afforded for the handling of explos# 


material. Fig. 2 shows model ME.10/9 designed 


complete unit to handle 1,000 cu. ft. per min. A ham 
controlled valve allows for sludge removal on @ 


model. ; 
Multiswirl collectors are manufactured in a rang 


sizes to suit all applications from 200 to 100,000 cu.! 


r min. 
si € 


Of modern, streamlined design, the uf 
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